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IRRIGATION IN EGYPT. 



INTEODUCTIOK. 



Up to tlie present day we have no other data eonceraing the methodB employed by the ancient 
Egyptians in the art of irrigation than the gent^ra) and quite vague iuforiuation which has been 
banded down by the Greek and Uomaii authors. The soil and nionumeiita of Egypt, examined 
with BO much ardor by the learned since the beginning of the present century, have revealed 
nothing, or almost nothing, on this subject. 

Although we find in many parts of Egypt gigantic pyramids, the ruins of imposing temples, 
and vast cemeteries dating from the most remote epochs of history, it is remarkable that we have 
discovered only very faint traces of Ptiaraonic monuments relating to the utilization and distribu- 
tion of the waters of the Nile. 

It is doubtful whether archieologists have been able to determine the position or define the 
object of Lake Moeris, that grand work which astonished the ancients. Two or three uilometers 
in mined temples are the only vestiges of that interest which was always attacbeil to the flood 
heights of the Nile. The lauding- wharves, masonfy dikes, reservoir-walls, bridges, outlets, all 
those works which would give any valuable iudications of the limit of the basins of inundation, 
their metbod of supply and discharge, everything concerning irrigation, have entirely disappeared, 
and the reason is easily explained. TLat the pyramids and cemeteries have beeu preserved is 
because they were constructed on the margin of the desert and built upon tLe rocks beyond the 
reach of the water. TLat the temples erected in low grounds of the valley have been preserved 
from destruction is because the talus of rubbish which surrounds them has protected them from 
the direct action of the ftile. Still this protection has not always been sufficient, and we may see 
to-day, as at Kom Ombo, great edifices crumbling little by little into the bed of the river, wbieb 
Dudermincs their base. But tbe works of irrigation, located generally at low poiuts, built upon a 
soil of mnd and of little resistance, have very soon been ruined by giving way of dikes or by the 
changes of the Nile. Their outlines have been lost during the long centuries of neglect and misery 
whiuh have so often prevailed in Kgypt, and their debris, engulfeil by the water or submerged under 
beds of mud, have disappeared ; their position is no ionger indicated even by an eddy of the river 
or au nndulaliou of the soil. Moreover, a very nnacconutable fact is established; the walls of 
tombs, which have transmitted to us the exact representation of the processes employed by tbe 
ancient Egyptians in the arts, in agriculture, in trmlea of every kind, show none of the working 
purtH of their dikes, oiHSning or closing of their dams, or flushing of their canals, iu all Egypt, 
with difficulty, there have been discovered, on two or three bas-reliefs, fellahs employed in raising 
Tater for irrigation, as they do still to-day, by means of leathern baskets suspended from the 
extremity of a levc^r. Hieroglyphics have always shown us that among the most important fuoo- 
tionaries of the country were counted those who had charge of overseeing the canals and distrib- 
nting the water. Notwithstunding this lack of information, there is sueh stability in the customs 
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of Uie coantry, and the metbods of agricaltore and tlie mannal arta differ bo little to-day from 
tliose represented on the most aucitiut tombs, that we may infer, without much queutioD, that the 
processes of irrigatioQ actually in use have been, iu great part, bequeathed to the present epoch by 
the most remote ages, at least those which vonceru tbe practices of agriculture, the method of 
employing the water, its elevation to the level of the laud, and all the operations which pertain to 
the distribution of water. Of tbe general system of ntiiizatiou and distribution of the Nile water, 
which was employed formerly under the Pharaohs, nothing probably remains. 

The classic land of in'igatiou, as it is customary to designate Egypt, hides no secret, sanctioned 
by time, for a better management of the water of the great river, and even in the existing method 
we should not seek for very perfect means for regulating the wat«r or very remarkable dispositions 
for canals or for other works which serve Ibr irrigation. Tbe great works undertaken since the 
beginning of the century by Mehemet Ali and his successors have generally been designed and 
executed without a complete plan carefully studied ; many of them have never been Suisbed ; 
nevertheless they have increased in a considerable degree the productive power of Egypt, and in 
this point of view it bas appeared to mo of interest to report them. 

On the other band, I have thought it would not be useless to call the attention of French 
engineers to the advantages and inconveniences of the great derivations, really artificial rivers, 
which irrigate Upper Egypt and tbe entire delta, and which might be applicable, if not in France 
itself, at least to the deltas of the large rivers of our possessions in the extreme Orient. Finally, 
it seems to me that there would always be some valuable information to be obtained from a knowl- 
edge of the method and results of irrigation in a country where it has been employed for a long 
time, and where it not only produces the Wealth but is its only resource. 

Such is the spirit in which 1 undertake this work. I have endeavored to expound facts con- 
cerning general information which can be made available for the art of irrigation, passing over 
as a side issue the peculiarities and specialties, which are of no interest ontside of Egypt. I have 
not treated the historical branches of tlie subject; it has elsewhere been treated in detail, both by 
the great work of the French expedition and by Linant de Bellefonds in his books on the public 
works of Egypt. 

I will couline myself, then, at first,to giving some general ideas about Egypt, her climate and 
soil, then about the Nile and the did'erent systems of irrigation adopted in the couutry. I will 
afterwards pass in review each region, describfltg the principal canals and works there found } then 
I will explain the method of execution and maintenance of public works; after having iuvesti- 
gattsd the employment of water for the various crops and the method of using it by the rural pro- 
prietors, I will attempt to indicate the benefits the land derives from a good irrigation ; and finally 
I will explain the laws and regulations governing tbe matter. 

I have stated above tliat the great works of irrigati^i in Egypt have been heretofore badly 
arranged. European engineers of every nationality, and among others distinguished French 
engineers, have attempted for a long time to create an organization for th6 system, and have elab- 
orated for this purpose numerous projects, but although they have done much to perfect the 
method of usiug the Nile water, they have usually been hindered in this enterprise either by tbe 
will of the sovereign, tbe iueritia of the proprieters, or the resistance of tbe populatiou. Events 
of the last years have placed the wliole service of irrigation in the bands of English engineers, 
who, profiting by the freedom of action which the present situation of Egypt affords them, are 
attempting, at present, to improve and complete the works of their predecessors. I will say a few 
words iu concluding this investigation as to their projects and the works in process of construc- 
tion. 

I will confine myself in all that follows to that portion of Egypt which is to the north of the 
first eatarsiCt of the Nile, at which point cultivable Egypt really begins. 




CHAPTER 1 . 



GENERAL. INFORMATION CONCERNING EGYPT AND THE NILE. 



GENERAL DESCRIFTIOft 



I. General Desgeiption op Egypt.* 

Exteuding from the flrat cataract, at Asaouan, to a few kilometers north of Cairo, the valley 
of the Nile proper takes the shape of a long and narrow ribbon of land, having a general trend 
from north tfl south ; it extends from the tweutj-foarth to the thirtieth degree of north latitude for 
a distantse of nearly 900 kilometers. The maxiuiuia width of the valley hardly exceeds 25 kilome- 
ters, the mean is from 12 to 14 kilometers. 

The surveyed area of this portion of Egypt, which is generally designated under the name of 
Upper Egypt, is about 1,007,900 hectares. 

In Upper. Egypt the valley of the Nile is inclosed, on both sides, between arid and desert 
plateans, which extend on the one hand to the Bed Sea, and on the other band to the eastern limit 
of tbe Sahara; thus iuclosed between vast and desolate regions, deprived of moisture and unsuit- 
able for any vegetation, it is a true elongated oasis. The border of these two long plateaus present 
to riew abrupt cliffs in some localities, in others ranges of hills. They are called, on the west, the 
Libyan chain, and tbe Arabian chain on the east. The crests of these two ranges seldom riiW 
higher than 200 or 300 metf^rs above the level of the river, generally they do not exceed 50 to 100 
meters in height. 

At two points, Gebel Cilcila, situated 6S kilometers north of Assouan, and at Gebel Bin, which 
is a few kilometers below the former point, the valley is so crowded between the rocky counter- 
forts of the Libyan and Arabian deserts that it is reduced to the very l>ed itself of the Nile. 

In the Libyan chain, 90 kilometers south of Cairo, there is a pas.t behind which extends a 
depression, circular in form, about 40 kilometers in diameter. This pocket of low ground, scooped 
out of the surface of the desert and fed with water by a supply from the Nile, is called Fayoum. 
It is considered as forming a part of Upper Egypt, and has a surveyed area of 123,300 hectares. 
It is generally supposed that Lake Moeris extended formerly over a portion of this province. 

A short distance north of Cairo begins the Delta or Lower Egypt, which is composed of three 
parts. 

The first, which is tiie Delta proper, is comprised between the two branches into which the 
Nile divides, a few kilometers below Cairo, and which are the only two now remaining of the 
seven ancient arms; the Rosetta arm on the west and the Damietta on the east. The Delta 
forms a triangle with an altitude of 160 kilometers and a base of 140 kilometers; it includes a 
surveyed area of about 720,300 hectares. 

The second i»art of Lower Egypt, to the west of the Rosetta arm, is an elongated triangle, 
whose apex is a little below the separation of the two arms of the Nile, and whose base along 

* 8«e PUte I, General Hap of Egf pt. 
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tbe sea exteods for about 70 kilomotors in leiigtii. Tlie surveyed area of tlii.i portion ia about 
168,500 hectares. 

Finally, tlie third part of the Delta stretcbes to the east of tbe Damietta ; it also forms a 
triangle whoae baSe along the sea, between Damietta and Port Said, is 60 kilometers long. The 
surveyed area is 513,800 hectares. 

The surveyed area of Lower Egypt is then about 1,402,600 hectares, but this does not iiiclude 
the area occupied by the series of l»kes which extend along the base of the Delta, aud which are 
separated from the Bea by a chain of littoral dunes. These lakes cover a total area of nearly 
400,000 hectares. 

From the two borders of Lower Egypt, to the east as well as to the west, begin, witbont 
geological change, on one hand the great Libyan Desert, and on the other the desert of Arabia, 
crossed a little farther by the Suez Canal. 

The surveyed area of Egypt, not including the lakes in the north of the Delta, is then aa 
follows : 

Upper Egypt 1,0IJ7,9W 

Lower Egypt or DelU 1.402,600 

Tottd 2,410,500 

The total area of the country, includiue uncultivated laud, lakes, marshes, eto,, may be esti- 
mated aa about 3,000,000 hectares. Thus the Nile from Assouan to the sea has a length almost 
equal to that of the Loire, and the entire area of Egypt corresponds almost to the area of the five 
French departments. 

The total stationary population of the valley proper, from Assouan to the sea, ia 6,302,336, 
according to the last census of 1832, This represents 310 inhabitants per square kilometer. The 
])opulalion of Belgium, which is the densest of all Europe, is only 1S7 inhabitants per square kilo- 
meter. Egypt is therefore a country relatively populous. 

The climate in Upper Egypt is dry and hot ; there is no rain, or at least it rains very rarely. 
Thus, at Cairo, where the heat is a little less thau in Upper Egypt, the mean temperature is liOo.S 
centigrade for the year, 13°.4 for the three months of winter, and 2Go.8 for the three mouths of sum- 
mer, according to observations taken at the Khedive's observatory at Cairo. 

The amount of annual rain-fall is insignificant; it docs not exceed a mean of 26.8 millimeters. 

In the Delta the temiierature is modified; the rain becomes more abundant as one approaches 
the sea, and at Alexandria, from observations taken for many years by M. A. Pirond, the mean 
temperature ia 20O.7 centigrade for the entire year, 15° 4 for the three winter months, and 25o.fi 
for the three summer mouths ; the aunnal rain-fall in this city is 212.3 millimeters. 

With such climatic condltious, aud with the viuinity of immense deserts, the evaporation from 
the surface of the Nile, canals, aud irrigated lands should be considerable ; but there have been 
no exact observations to fix the importance of this phenomenon. 

M. Liuant de Bellefonds reports that observations, taken for two years without interniption, 
have enabled him to fix the mean evaporation at 9 millimeters daily. This amount appears 
excessive; it is probable that it resulted from observations made on small reservoirs, although 31. 
Liuant does Dot specify the nature of the observations which lead to this result. On the other 
hand, during the construction of the Suez Canal, and at the time of the opening of the Bitter 
Lakes, M. Lavalley made observations on a large scale, from the month of March to the month of 
August — that Is to say — during the hot sejisou, and be finds that over this great snrfaco of waiter 
the evaporation each day was only 3 to 4 millimeters. This is the amouut which was aecepled in 
1882 by the commission officially charged to examine, in France, the project for the interior sea of 
Gabes as representing the probable evaporation from the surface of the projected sea in a climate 
analogous to that of Egypt. 

It must be admitted, however, for canals which do not contain a large quantity of water, for 
the inundation basins, generally subject to the action of the coutiuuous winds which prevail ia the 
Nile valley during flood, that the total of 3 to 4 millimeters is below the true mean evaporation. 

I will avoid, as much as possible, the employment of foreign names, little familiar to the 
reader, in speaking of the territorial divisions of Egji't; Devertheleaa I will necessarily be 
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11. The Nile." 
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^^H Burnt from one end of the year to tbe other by a snn that rarely bides itself, and deprived of ^^M 


^^H the kindly iufluence of rain, Egypt only exists by the Nile, and thia river, in order to carry to ^^^M 


^^H her tbo tribute of ita fecundating waters, produced by tropical rains, is obliged to meander for ^^^| 


^^H many tbousaud kilometers between arid banks and savage rocks without a single affluent, a single ^^^| 


^^^H drop of water from tbo heavens, coming to compcuaate the losses from infiltration and evaporation, ^^^H 


^^H At Khartoum, about Vi°AO north latitude, the Nile is really formed by the junction of tbe ^^H 


^^H two great equatorial rivers called the White Nile and tbe Blue Nile. A little to the north of ^^H 


^^H Berber, about 1T<^.J0 north latitude, tbe discbarge of the river is again added to hy a last affluent, ^^^| 


^^H the Atbara, which, dry a part of tbe year, brings to tbe Nile all the waters of tbe northern por- ^^^| 


^^B tion of the mountains of Abyssi nia ; but from Berber to tbe sea, a course of nearly 3,000 kilomet«r8, ^^H 


^^H no new water comes to tbo river. From Assouan to the sea the Nile flows in a bed excavated in ^^^| 


^^H the midst of layers of mud which it bas successively deposited in the bottom of its valley. The ^^^| 


^^^^ latter, quite narrow below Assouan, enlarges at tbe thirtieth kilometer below to form a vast plain ^^^H 


^^^^^^_ above Oebel Cilcileh, a point where, as above said, the river passes a rocky defile which is about ^^^| 


^^^^^^H 400 meters ^^^| 


^^^^^H^ B«o Plate Map of the ^^^^^| 
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Below tliis point the width of the mud region and bottom of the valley increases gradaally 
and assumes presently mean normal dimeusions of 12 to 14 kilometers. Nothing binders its 
course in the midst of these deposits, which lose their resistance liy contact with the water. The 
Nile forms achauncl sometimes almost rectiliuear, at others very tortuous, caving its banks on 
one side, accumulating the mud on the other, flowing thus in a bed which changes every year, at 
one point pushed aside by villages which seek to preserve themselves from destruction, at another 
thrown to the middle of the plain by the mountains which bound the valley. 

In all Upper Egjpt the bed of the Nile is almost constantly carried to the right side of the 
valley, and flows quite frequently along the very foot of the limestone cliffs which bound it. Most 
of the cities and farms are found here on the left bank of the river. 

The width of the Nile is very variable. During low water the river wanders between vertical 
banks and bars of sand and mud; ordinarily it is separated into several channels j the level at 
this stage is from 8 to 10 meters below the surface of the soil near Assouan, and from 5 to 6 
meters near the apex of the Delta. During mean stage the Nile flows bank full, with a width 
between banks from SOO meters to 2 kilometers, and is often divided into many channels by 
islands, whieh are frequently many kilometers long. It is narrowest opi>osite Cairo. The con- 
struction of wharves and the closing of the ancient sloughs have reduced the width to 240 meters. 
The depth at this point rea<ihes 12 to 15 meters at low water. Finally, during high water the 
greater bed of the stream, for the most part, would be the entire valley, were it not that the river 
is confined by dikes, more or less distant from the banks and sufficiently high to prote<it the laud 
from overflow. 

From the apex of the Delta to the sea the two arms, the Rosetta and the Damietta, into which 
the Nile divides, behave nearly like the principal trunk ; we have the same irregularities of bed, 
Ihe same displacements of current. The Damietta arm, which is the less Important of the two, 
presents generally a less width throughout than the Ilosetta. Both arms flow through the midst 
of alluvium, remote from mountains and deserts, except that for the upper 40 kilometers of its 
course the Rosetta arm borders the Libyan desert. 

Low water, which is from 4 to 5 meters below the general level of the soil at the apex of the 
Delta, is not more than 1 meter below the soil level at the mouths. As for the floods, were they 
not retained by dilies they would ofteu iunndate the greater part of Lower Egypt, since the level 
of the ordinary floods here is at least 1 meter above the general level of the land. 

Although the Damietta aud Rosetta arms are the only oucs which at present exist, all the 
ancient arms are actually found either tilled up or converted into derivations or canals; it would 
not be exact to say that the Bosetta and the Damietta were the only mouths by which the river 
empties into the sea. The Nile, in fact, throws a part of its waters for the entire year, or during 
flood ouly, according to circnuistauces, by natural or artificial derivations, or by drainage canals, 
into a series of lakes which form, as it were, a girdle at the base of the Delta. These lakes are 
separated from the sea by a chain of littoral dunes, resting on the alluvial mud which comes from 
the Nile, aud is pushed along the sea-shore by a littoral current acting from west to east. Each 
of these connects with the sea by an opening or month, which permits them to discharge the sur- 
pInB water that the Nile sends them, and which should be considered true mouths of the river. 
These lakes are : Lake Edkou, to the west of the Ilosetta arm, covering 34,000 hectares ; Lake 
Bourlos, which extends between the two arms of the Nile for about 80 kilometers in length parallel 
to the sea-shore, having a mean area of 112,000 hectares; and, lastly, Lake Menzaleh, to the east of 
Damietta, which has been crossed by the Suez Canal, and is about GO kilometers long and about 
150,000 hectares in area. Two other littoral lakes are situated to the west of Lake Edkou ; they are 
Lakes Aboukir and Mariout, their combined area is about 100,000 hectares; they also receive some 
water from the Nile by means of irrigation and drainage canals, or by infiltration, but they have 
no outlets on the side of the sea. 

Taking the general direction of the valley, without considering the numerous bends traced by 
the course of the Nile, the total length of Upper Egypt, irom Assouan to the apex of tlie Delta, is 
about SCO kilometers, the length of the Delta, following in like manner the same general direction 
of either arm, is about 170 kilometers. Measured under the same conditions, the mean longi- 
tudinal slope of the valley, little variable from one point to another, is about 9 centimeters per 
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kilometer for Upper Egypt and 10 for tbe Delta. Bnt if we meaaare the detoars wliich the mean 
ooorse of tbe river takes, the length of tbe Nile woald be 1,000 kilometers from Asaoaan to tbe 
apex of the Delta, and from this point to tbe sea would be 366 kilometers by tbe Bosetta arm 
and 272 kilometers by the Damietta, being an increase of 16 per cent, in Upper Egypt and 55 and 
59 per cent, in Lower Egypt over the length of the valloy in tlie DL>lta asindicated above. Under 
the same conditions, the profile along tbe banks of tbe river has a slope in Upiier Egypt of 75 
millimeters per kilometer, G6 uiilliuietersper kilometer following the Bosetta arm, and 63 millime- 
ters per kilometer along the arm of Damietta. The mean slope of the river between Assouan 
and the Delta may be considered, either at low water or at flood, as nearly equal to the slope 
of the banks, or 75 millimeters per kilometer; however, it is somewhat less at low water, tbe cur- 
rent making detours. In the Delta the slope of the water is somewhat greater than tbe sloi>e 
of the banks at flootl; floods may exceed by more than one meter tbe level of the land at the 
junction of tbe two arms of tbe Nile. During low water, on tbe contrary, tbe river may fall 5 or 6 
meters below the land level at the apex of the Delta. The water slope in Lower Eg:\-pt is more 
gentle than that of the banks, and may be as low as 42 millimeters per kilometer. 

According to levels, andertakeu and interrupted at different attempt*, and which have just 
been completed, the mean level of the arable lands in the neighborhood of Assouan is 04 meters, 
and at the apex of the Delta 17 meters, above the mean level of the Mediterranean. 

As in every valley where a river flows, cutting its bed In the midst of its own alluvium, 
Egypt baa a transverse slope from the bauks of tbe Nile to the bonndaries of the desert. Thus in 
the province of Guirgueh the cultivated land which is situated near the river is higher than that 
wbiuh extends to the foot of tbe western mountains, by 50 to 90 centimeters, for a total valley 
width of from 5 to 6 kilometers. In the south of the province of Beni-Bouef, where the valley is 
from 12 to 15 kilometers wide, this difference is between SO centimeters and 1.20 meters, 

Tbe same phenomenon is presented in the Delta ; the bauks of the two arms of tbe river here 
are higher than tbe land farther back ; also the banks of tbe Damietta are bigber than those of 
theBosetta If the levels of these two arms are taken on tbe same line from east to west, we find, 
about tbe middle of the Delta, where they are about 50 kilometers apart, that the Damietta arm 
is 1.30 meters higher than tbe Eosetta; also that in this middle portion the difference of level of 
tbe two arms is tbe greatest. In this same middle region of tbe Delta, and to the east of the 
Damietta arm, the transverse slope of tbe soil from tbe river is only from 2 to 3 centimeters per 
kilometer. 
, All these transverse slopes are then quite gentle. 

The regimen of tbe Nile is very remarkable for its great regularity. Every year the river 
begins to rise, in Egypt at the end of June, the wat«r rises until the end of September, then 
falls, very rapidly at first, slowly afterwards, nutil the month of Juno of tbe following year. 
Every year the phenomenon is repeated in tbe same manner, with slight variations in tbe level of 
the low water and floods, and tbe dates of the maximum and minimum of the water height. 
Therefore in Egypt those sudden, accidental, and unexpected rises are not apprehended, which 
cause BO much disaster along our rivers and which give so much uneattiuess to engineers. 

The regularity of this annual flood occurs because the Nile is fed exclusively by periodical 
tropical rains, and because tbe contributions from irregidar rains, such as oc^ur in the temperate 
zones, do not disturb tbe normal flow of water until tbe following year. The three great aflluents 
of the Nile are on one side, theAtbara and Blue Kile, which both take their rise iu Abyssinia, and 
on tbe other the White Nile j this latter is formed about tbe ninth degree of north latitude, by 
the junction of the three great rivers, the Bahr-ol-Gebel, which flows from the great equatorial 
lakes, tbe Sobat, and tbe Babr cl-Gazal, tbe first from the east and the seconrl from the west, both 
having their principal sources between tho ninth and sixth degrees of north latitude. 

The Blue Nile and the Atbara appear to have almost the same discharge ; tbe Atbara is more 
rapid, and remains dry a part of tbe year; at its month it is about 500 meters wide. These two 
afliaenta bring to the Nile the mud which they have taken from the plains of Abyssinia. 

The equatorial lakes begin to empty their waters into tbe White Nile in the month of April ; 
tbe rains then pass to tbe north and fill the Sobat and Babr-el-Gazal, which hold up the floods 
produced by the Bahr-el-Gebel. Tbe White Nile rises at Kahrtoum about tbe end of April and 
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falls from the begiuaiDg of September. This river is tlie first to send its waters to Assouan at the 
end of Jnue, about forty days after tbey arrive at Kalirtoum; this river also, ou account of 
the storage of water id the equatorial lakes, and the immense marshes through which it flows, 
maintains the high level of the Nile in Egypt after the Atbara and Bine Nile, which are more vari- 
able and torrential, have regained their beds; the maximum of the flood of these last rivers, 
which occurs in Augnat, reaches Egypt in September. Thus the White Nile, the outlet of the 
great lakes, is the regulatory the Blue Nile and the Atbara give the flood its strength; those 
are the principal factors that make up the regimen of the Nile. 

From the more or less want of concordance which exists each year between the epochs of 
the flood of the Atbara, the Bine and White Nile, there necessarily results for Egypt corre- 
sponding diSerences in the level of maximum flood and in the dates of this maximum. This is 
in fact what occurs, and although the phenomenon of the Nile flood as a whole may be the most 
regular in nature, nevertheless it undergoes every year variations which render the utilization of 
the high water more or less diflScult for irrigation, and causes the flood to be insuflicient, good, 
or too much for Egypt, 

At Assouan — that is, at its entrance into. Egypt — the limits between which these changes 
in the regimen of the river may occur from year to year are as follows : 

(!) The epoch of maximum flood is always between the 16th of Angnst and the Ist of Oc- 
tober. 

(2) During the period of ten years, from 1872 to 1S81, the level of lowest water has varied 
between the limits of 84.39 and 86.89 meters above the Mediterranean, which gives a difference 
of 3.60 meters between the extreme limits of low water. 

(3) During the same period of ten years tho level of the highest flood has varied between the 
limits of 91.40 and 94,15 meters above the Mediterranean, which gives a diflereuce of 2.75 meters 
between the extreme limits of the floods. \ 

In Egypt it is customary, by tradition, to compare the floods by the indications of the gange 
at Cairo; but if the regimen of the Nile is to be studied, it is preferable to use the gauge at Assouan, 
because at this point the filling or emptying of tho basins of inundation, the feeding of the ciinals, 
or the diking of the river have not influenced the discharge or water levels. However, as the 
levels which the Nile assumes each year at Cairo at low water and flood are of great importanoe 
to Lower Egypt, it is useful to record them. 

During the [leriod of ten years, from 1872 to 1881, the low water of the Sile has varied Iwtween 
heights of 11.49 and 13.76 meters, which gives a difterence of 3.27 meters between extreme stages. 
These results are now modified by the rise of water obtained by the great dam at the apex of the 
Delta. 

On the other hand, Col. Scott Moncriefl", under Secretary of State to the Ministry of Public 
Works, in his not« on irrigation in Egypt for 1884, gives the following information concerning the 
flood levels at Cairo for the last one hundred and twenty-six years ending in 1885, inclusive: 

StLB LEVet. 

6 yeftrs above the limit of 30. 12 

24 yeftTS above the limit of 19.58 

28 yenrsftbovB tbo limit of 19. M 

21 years abovB the limit of 18,50 

19 yeare above the limit of 18.23 

13 years above tbe limit of 17. 9G 

11 years above the limit of 17.69 

4 years above the limit of 17.42 

1 year above the limit of 17.15 

Total.. 126 



This table shows a difference of about 3 meters between the extreme floods. 
To resume, the mean rise of the Nile is about 8 meters at Assouan and 7 meters at Cairo, with 
a maximum variation of 2,50 and 3 meters in the extreme limit of the low water and of the flood. 
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lElUGATION IN EGYPT. 
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secotid. The engineera of the Freucli expeditiou fouud 645 niillimetera as the mean velocity at 
flood height. 

It has been determined, from observations taken at various epochs, that the discharge of the 
Nile in Egypt, at the lowest stages, may be estimated at 460 cubic meters per second; duriug 
mean flood this discbarge is raised to 13,000 cabio meters per second, from observations taken at 
Cilciloh by Linant de Bellefonds. If we compare these amounts with those given for French 
rivers, we find that at Beaucaire the discharge of the Rhone during low water is 400 cubic meters 
per Si cond, a little less than the ininimnm discharge of the Nile, and that at the same point during 
the highest flood the same river discbarges 13,!K)0 cubic meters, a little more than the Kile at 
mean Hood. 

It ia useless here to speak of the regimen of the Nile below Cairo, because the i^orks and canals 
which have been constructed for the distribution of water among the lands to be irrigat«d, have 
created iu the two branches of the Delta an entirely artificial condition. The investigation of this 
will be more in place in the chapter where will be considered the irrigation of the provinces which 
border these two branches. 

Formerly, when Egypt held Khartoum and Berber, the gauges established in these two cities 
permitted the announcement of the Nile movements a long time before they were transmitted to 
Assouan, because the water took forty days at the beginning and thirty days at the eud of the 
flood to pass over the distance between Khartoum and Assouan. The result was great security 
for the country, wh'.ch had thus all the time necessary to sirengtheu the dikes and protect the 
works when the nilometer of the upper river announced an exceptional flood. 

At present, as Egypt holds the course of the Nile only as far as Ouadi-Alfa — that is, as far as 
the second cataract — this is the point at which is established the farthest gauge ; the water takes 
four to six days only to pass from this station to Assouan, and it. comes from Assouan to the point 
of (he Delta in from nine to eleven daya, according to the stage of the flood. It has therefore 
become very dilBcult to become forearmed in Egypt against the effects of the great floods. 



III. — Composition of the Soil of Egypt — Natdbe of the AVatee and Mud of the Nile. 

The geographic and climatio conditions existing in Egypt and the peculiarities of the Nile 
regimen having been summarily indicated, there still remain to be examined the quality of the 
soil, aa well as the composition of the water and mud of the Nile, to have passed iu review all the 
elements which characterize the country in reference to irrigation. 

The soil of the Nile valley in Upper Egypt, as in the Delta, is formed by the alluvial deposits 
of the river. At the period of low water, when the level has fallen to 7 or 8 meters below the 
surface of the cultivated lands, if we go over the river following the bank at one of the many 
places where the river undermines its base and cots it almost vertically, and if we observe the sec- 
lion of the earth thus exposed, we recognize readily the difl'erent varieties of which the alluvium 
is composed ; Bome layers very argillaceous and Assured stand vertical, others more sandy show 
little cohesion, and finally from point to point banks of almost pure sand assume a long slope, 
these sands alternate in layers, more or less thick, between the argillaceous mud. The mud deposits 
extend to more than ten meters in height above the bottom of the river bed ; below are found saud 
and gravel, then, still deeper yet, beds of clay. 

In the vicinity of the apex of the Delta the beginning of the sand and gravel ia at a depth of 
twenty meters below the surface, the clays are at a depth of twenty-five meters, and it ia about 
the same in Upper Egypt, Borings to great depths, made in Upper Egypt iu 184a by the Govern- 
ment, seem to indicate that the solid fouudatiou upon which the alluvium rests is composed of 
chalk, sandstone, and schists; the border of the rocky basin which limits the Nile valley is formed 
of calcareous deposits from the sea as far as Gebel Gilcileh — that is, foralmost the extent of Egypt, 
beyond Gehel Cilcileh sandstone replaces the limestone, and at Assouan it is replaced by granitic 
rocks. 

The stratum of vegetable mold which forms the arable land of Egypt is of considerable depth; 
it is in general an alluvial clay, whose chemical compositiou is quite uulform iu Upper as well as 
Lower Egypt. 
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From auiiieroDS analjses, made in 1872 at Paris uuder tbe directioii of MM. Pay<>i], ChampiOD 
and Gastioel Bey, it coutaioed about — 

Per mm. 

Silica 45 

Cl»y 53 

MftgnesiB WW 1.60 

Lime 1.30 to 4. 90 

Nitrogen 0.03loO. 10 

Pbosphoiio Hid 0.03 to 0.32 

Ab we approach tbe Mediterranean the Boil coutains more or less sodium chloride, in the 
middle of the Delta it goes as hip;h as 4 per cent. 

In general the Egyptian soil contains too much silica, clay, and iron oxide, and has very little 
lime, small quantities of phoHpfaoric acid, and little organic matter; the portion of this latter mate- 
rial hardly exceeds 4 to 9 per cent. 

What is the composition of tlie water destined to fertilize this land T 

In addition to the humidity which they afford the bind, and which they alone can provide iu 
tbe dry climate of Egypt, the Kile waters effect vegetation by the materials which they bold in 
Bolulioii and those carried in suspension. 

Up to tbe present tbe most complete study of the chemical nature of the water and mud of 
the Nile is that of Dr. H. Letherby, profeSHor of chemistry in the College of the London Hospi- 
tal, at the time of the irrigation projects, which the English engineer Johu Funler pro^wsed in 
1876 at tbe invitation of tbe es-Khedive Ismail. Tbe analyses by this chemist were made of sam- 
ples taken from tbe Nile at Cairo, each month during tbe entire year, from the month of June, 
1874, to the month «F May, 1875. The results given below are taken from these analyses. The 
quantity of ammonia, obtained from tbe saline and organic matters held in solution by the Nile 
water, varies from 114 to 270 milligrams per liter, averaging 176 milligrams. 

This proportion is slightly different from what is known of tbe different European rivers; 
thus tbe water of the Seine, above Bercy, contains 60 milligrams of ammonia ; tbe Thames, at 
Hampton, tbe point from which the water for tbe use of London is taken, contains from 85 to 157 
milligrams, and Dupuit states that 150 milligrams per Uteris the maximum amount of ammonia 
which should be contained in potable water. The amount of other soluble matter in the Kile is 
shown in the table below; itshows, for the purpose of comparison, the mean proportion of solnble 
matter of the Seine water above the junction of this river with the Marne. Tbe amounts are gives 
in gniins per liter of water. 
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The mean composition of tbe Kile water, then, presents nothing specially interesting to distin- 
gnish it. In fact tbe total weight of material held in solution differs little from that contained 
in most rivers of France. The following table is generally accepted as giving this weight: 



Tholvoire O.IK 

The UaroDDe 0.1'J7 

The Rhine 0.171 

TheBhone O.IM 

During the year 1874-'75, to which the analyses cited above refer, tbe quantity of soluble mat- 
ter to the liter of Kile water varied between very narrow limits, that is, from 1361 to 2047 teatliQ 
H. Mis. 134 2 
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of milligrams; it attaiDs its absolute maximum at the moment of liigliest water oii acoonnt of tbe 
increase in the proportiuu of lime, soda, chloiiDe, sutpliuric aeid, itnd organic matter. Another 
maximum is attained duriny tlio esireme low wati-r, owing to tbe increase iu quantity of potash, 
silica, orgauic matter, and carbonic acid. But it would be necessary to verify tbe yearly recur- 
rence of these phenomena before dednciug a general law from these data. 

On iirocieding to the examination of the amount of matter held in suspension, it is found to 
be very variable from one month to another ; in fact every flood brings into Egypt water known 
in tbe country as the "red waters," which are charged with a considerable amount of sediment 
brought from the plains of Abyssinia by the rapid currents of the Bine Nile and the Atbara; 
but as soon as the great wave of the flood passes, the proportion of sedimentary mud decreases 
rapidly, the Nile loses its red color, which it for a short time hod attained, and the water resumes 
its ordinary yellow. 

In the table below the amount of material iu suspension for the year I874-'75 is shown in 
grams per liter : 
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The epochH of miDimum as well as maximum occur at almost the same time for organic mat- 
ter and mineral materials; it seems generally that the proportions of organic matter which enters 
into the composition of tho Nile mud is not very largo. During the first days of each flood, while 
the river is still but slowly rising, it always assumes a greeu color, which is given to it by the 
vegetable detritus drawn from the viist equatorial marshes by the first rise; during this short 
period, which lasts rarely more than from 8 to 15 days, and which on this account has escaped the 
analyses given above, the Nile is charged with little mud and much organic matter. 

During the twelve months comprised between the two successive stages, the Nile transports 
about 64,000,000 tous of alluvium at the rate of 444 grams oa theaverage to a cubic meter of water. 
This quantity represents a total volume of 30,000,000 cubic meters, at least half of which is depos- 
ited during the two months nearly which correspond to the inasimum of the flood. By commonly 
accepted data, this volume of sediment is one-half greater than that carried by the Khone to tho 
seaiu the same length of time. The Po discharges annually one and a quarter, the Danut>e 
twice, and the Mississippi sis times as much material in suspension as the Nile. Ou the other 
hand the Durance, whose mud and sediment enjoy a well-merit«d notoriety, during tbe year 1860 
had its waters charged at the a\erage rate of 1.454 kilograms per cubic meter, almost equal to the 
established maximum of the Nile for the year 1S74. 

Thus, in spite of legendary repute, the Nile ought not to be considered a very extraordinarily 
sedimentary river, although it may have been heretofore, when it built ap, by its deposits, the 
entire surface of the Delta. ^ 

The mean comjKisitiOD of the Nile sediioent, according to Dr. Lethwby, is aa follows: 
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From other analyses, made by MM. Payen, Champion, and Gastiuel Bey, the sediment of the 
Bile containB from 0.091 to 0.13 per cent, of nitrogen, bnt the namples tested by these chemiBts 
contain only traces of phosphoric acid. 

Referring to the foregoing table, we observe that daring flood, or at the time when most irri- 
gation is going on and the basins of Upper Egypt are being submerged, the Nile sediment con- 
tains the greatestQuautity of organic matter, phosphoric acid, and potash ; the proportion of these 
ingredients, which are energetic fertilizing agents, diminishes greatly during low water. 

The soil of Egypt has almost the same proportion of sand, clay, and lime as tbe sediment 
itself. It is also worthy of remark that this sediment differs notably, in its chemical composition, 
from the ordinary alluvium of French rivers, which contain many more calcareous elements, bat 
often less nitrogen and phosphoric acid. 

Thus the sediment of tbe Durance, which may be taken as a type, contains 36 to 49 per cent 
of argllosiliceous matter, 32 to 41 per cent, of carbonate of lime, 10 to 20 per cent, of varioas 
materials containing nitrogenous organic substances, and an average of .08 per cent, of nitrogen. 

The sediment of the Bboue contains49 per cent, of insoluble residue, 10 per cent, of peroxide 
of iron, 32 per cent, of carbonate of lime, and 9 to 10 per cent, of varioas organic substances con- 
taining an average of 16 per cent, of nitrogen. 

On tbe other hand, the " tangnes," which are considered a valuable manure, are composed 
generally of 41 to 71 per cent, of siliceous sand, 23 to 52 per cent, of carbonate of lime, 3 per cent, 
of organic matter, and 1.50 to 7.50 per cent, of various substances, among which are magnesia, 
alumina, iron oxide, chlorine, phosphoric acid, soda, potash, salts of lime, nitrogen, etc. 

Finally the soil of tbe Bay of Mount St. Michael, a very rich alluviums, is formed of calcareous 
sand containing from 3 to 5 and 6 per cent, of organic matter with 0.13 to 0.45 per cent, of nitrogen, 
32 to 40 per cent, of carbonate of lime, 1.50 to 2.6 per cent, of phosphate of lime. 

The sediment of the Nile therefore may be classified among the alluvia richest in fertilizing 
materials, although it is deficient in lime. Agriculturists have also acknowledged for a long time 
that the crops which require the least lunount of this material are those which succeed best in 
Egypt. 

Having concluded this study of the soil of Egypt and of the waters of the Nile, it is necessary 
to mention a fact of great importance in reference to irrigatioD. Whenever a well is sunk in Egypt, 
through the alluvium deposits, at a certain distance from the ijver, to the limit of infiltration, it 
is found that the water drawn from these wells differs entirely, in its chemical elements, from the 
Nile waters. This peculiarity is shown plainly in the table below, which contains the mean com- 
position in grams per liter of the water drawn, daring low water, from three wella sitoated on the 
left bank qaite a distance from the river: 
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Thoa, in filtering through the lower strata of the soil, the water takes np fonr times as mnoh 
soluble matter as the Nile water contains; it absorbs in its passage through the ground marked 
qtiantities of carbonates, sulphates of lime and magnesia, chlorine, and sodium. Moreover, this 
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is a general fact in Egypt, all water filtered through the allavial soil is more or less brackish. 
Also, whenever the waters of infiltration come to the surface of the soil for sufficient length of time 
they leave by evaporation a whitish efflorescence and true salt deposits, which render any cultiva- 
tion at such places impossible. This fact is also produced in the lands which border the canals 
when the level of the water is a little higher than the adjacent soil. These efflorescences take 
place more abundantly in the low lands where the water of infiltration has not been properly 
drained. 

This phenomenon has anfortanately caased the ruin of quite extensive regions in Egypt, wher^ 
the drainage of irrigation water has been too frequently neglected. Thus infiltration is the terror 
of the Egyptian farmer, who often prefers to have his feeding canals at a lower level than his fields, 
and til raise the water at great expense, rather than receive it at the level of the land so as to admit 
'>f natural irrigation. In all projects for irrigation carefal attention should be given to this fatal 
iciion of uifiltratiou water. 



fH AFTER II. 



GENERAL METHOD OF IRRIGATION AND FARMING IN EGYPT. 



OESERAL COSSIDEBATIDSS—lSVNDATIOrf BASINS— HETHODS OF IBRlOATtOlf. 



I. General Considerations. 

The Egyptians have always practiced agriculture, botb by means of tbe overflow caused by 
tlie Nile floods and by irrigation, but up to a few years ago tbia latter nietbod was quite tbe excep- 
tion. It wa^ only applied iu a few favorable localities, wliere water could be bad during a part of 
fbe summer at a level a little below that of tbe soil, eitber ou Ibe banks of the Nile and il« arms or 
elsewhere in certaiu basins of iuondatiou, notably iu Lower Egypt, to supplemeut tbe effects of an 
inmufflcient overflow. 

On tbe contrary, up to the first years of the present century overflow basins formed the nor- 
mal system of Egyptiau cultivation, botb in Upper Egypt and tbe Delta. Witb this system of 
cultivation the peasant had tbe stage of the Nile to consider ; it was the overflow aloue which fer- 
tilized the country and assured tbe subsistence of the people. Thus the fellah every year awaited 
with impatience tbe first upward movement of tbe water; tbe progress of tbe flood was every day 
officially announced at the uilometer of Koda, near Cairo, and then proclaimed in tbe city; public 
prayers were oSered in tbe mosques when the water did not rise fast enongh, and finally public 
rejoicings marked the moment when the Nile reached the recorded height of Ifi cabits at Cairo 
and the order for filling the inundation basins was given, for a good flood presaged an assured crop 
for the farmer and abundant revenue to the Government, which calculated tbe amounts of its 
receipts by the scale of the nilometer. 

A. kind of religious fear and mystery always surrounded everything pertaining to the Nile 
flood. In fact while, according to Arabian historians, in normal conditions it assured for Egypt 
treasure and crops which sufficed to maintain it for two years, if too low it brought in its train 
misery and famine, and if too high it caused rupture of the dikes, ravaged the country, and mined 
cities and villages. 

Mebemet AU was the first who in Lower Egypt abolished inundation basins and dug canals, 
designed during low water to carry the water to tbe land distant from the Nile. His successors 
followed the impulse which be gave, and at present in the whole delta irrigation has been substi- 
tuted for overflow. The Kbedive Ismail Pasha iutrodnced also culture by irrigation into a part of 
Upper Egypt, so that today inundation basins extend over less than a third of the surface of 
Egypt. 

Tbe producing power of the country has been considerably increased by these transformations. 
In tbe irrigation territories tbe soil is in fact cultivable for tbe entire year, and is able to produce 
during Bummer rich crops, such as sugarcane and cotton, while the basins only produce a single 
winter crop after tbe flood, and then lie idle for want of water- 
On the other hand, these new conditionsof utilization of the Nile water have led to thisresnlt: 
' The regimen not only of the flood is now important to Egypt, but also, and still more, the regimen 
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of low water, because as the level of low water is more or less high, so the canals are fed more 
or less easily and give more or less water for the sammer crops, which are very moch more 
remunerative. 

The magnitude of the flood has not on this account become indifferent to the inhabitants of 
the plains, first, because great quantities of land are still subject to cultivation by inundation, 
and, secondly, because in the irrigatiou territory the high water is used to flood the land for 
extensive watering of tha summer crops, for pushing the intermediate crops a short time under 
ground in autumn, and Anally to prepare the land destined to receive the winter seed. On the 
other hand, in these same irrigation regions too high floods have become veritable scourges, t)ecanBe 
the rupture of dikes here invariably leads to the loss of the summer crops, at this time of the year 
already well advanced. 

In considering the various conditions of agriculture in the different parts of Egypt, it is 
admittetl that when the flood exceeds on the nilometer at Boda, near Cairo, 

25 cnbits* (20.12 meteia], it ia too high, and dangeroaa. 
S3 cubits (19.04 meters), it is good. 
fiO cabite (17.05 meters), it is weak. 
Below 20 onbits, it is bad. 

For example, in the year 1877, when the flood only attained the height of 173 cubits (17.35 
meters above sea-level), the country suffered from famine, and the revenne returns showed a falling 
off' of S0,000,000 francs. This fact shows how the height of the flood always affects the welfare 
of Egypt, though the extension of summer cultivation has rendered the situation much less pre- 
carious. Although it is possible, by clearing out the canals or by the artificial raisingof the water 
of the river by means of dikes and training- walls, to counteract In some measure the inconvenience 
arising from a too low Kile, a low stage in the actual condition of the canals of Egypt is a cause of 
great perplexity to engineers, because low water occurs at the very time when the richest summer 
crops have greatest need of water, and a diminution of moisture at this time of the year serves to 
diminish in a large degree the revenue of the country. 

II. INDKDATIOK BASINS. 

Although Egypt is the classic region of inundation, it is not here only that we find annual 
overflows augmenting and maintaining agriculture. It is known in all the countries of the tem- 
perate zone that submersion, practiced regularly while the soil is idle, is one of the best methods 
of preserving the fertility of the soil, without the necessity of recourse to irrigation when the crops 
are in the ground. 

In his many works on hydraulic agriculture, M. Kadault de Bnffon has called attention in many 
places to this interesting fact, and he has cited numerous examples of land fertilized, without the 
help of summer irrigation, by simple submersion in winter, either by clear or muddy water. 

In Europe this method is only applied on the actual banks of rivers to the portions of the 
valley which highest water overflows and on which it remains for some time. Most frequently the 
floods are thus utilized without the previous construction of works of regulation for receiving and 
storing the water, and the frequent return of these inundations are invited, without which the fer- 
tility of the soil would rapidly diminish. 

This mode of watering is employed especially on the bottoms, and although clear water is con- 
sidered good for this operation, agriculturists prefer generally muddy water. According to M. 
Xadault de Bnffon 

The mud obtaiued from uataral snbmerBiou is sabject to no special mle, except to the fundamental condition 
that tbe water sbonld ran oS completel; and as maoh as possible before the epoch of -vegetation, because otherwise 
It proves hnrtful to the crops. 

In Upper Egypt, where most of the land is subject to annual submersion, and whese there 
would be no cultivation without recourse to the water of the Nile, it was not possible to leave the 

' The cubit of the DllDtueter la 54 centiueten. 
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oare of iDandating hia fields to tbe individual iuitiative Qf eacL farmer, especially since the storage 
of water audemptyiugol the water in this couotry demands harmonious labor and methods, wiibout 
which nothing but disorder and confusion would result. Tbua the inundation basins constitnte an 
entire system, which extends from the extreme of Upper Egypt to the apox of the Delta, and in 
which the regulation of ejich ba^inisnot only not independent, but closely connected with the 
method of managing the neighboring basins, and sometimes the whole system of more distant 
basins. 

The essential elements of inundation basins are: 

First. A ^jjte parallel to the Nile and sufficiently elevated above the deeds to protect the basins 
against direct inundation. 

Second. Two transverse dikes, one above, the other below the basin, and reaching from the 
Kile dike, either to the hills which border the valley or to the longitudinal dike of an adjoining basin. 
They are designed to contain the waters of submersion of the basins and separate itftom tbe basins 
above and below. 

Third. A canal supplying the water for the filling and an escape canal for emptying. 

As has been said in the preceding chapter, in a cross-section of the Nile valley the lowest point 
is not found at the very bank of the river, but it is more or less near the bonier of the valley. 
Generally it is the line of these points which is utilized at the same time for the sujiply and empty- 
ing of many successive basins in the lollowing manner: 

Suppose a series of five basins separated by transverse dikes, each basin having an average 
area of 5,000 to 10,000 hectares. A feeder, which takes its water direct from the Nile, directs itself 
towards the thalweg of the valley and carries the water to the first upper basin, situated a few 
kilometers below the head of tbe canal. Tbe level of tbe water at this head, even during the flood, 
is not snfficient ugnally to inundate the land in tbe immediate vicinity. The water enters this first 
upper basin by one or more regulating works of masonry established in the transverse dike, fur- 
nished with sliding timbers serving as dams. Worksof the same nature are established in the trans- 
verse dikes of the other basins. The inundation water is then carried successively, following the 
current through these openings, from one basin to another. In manenvering the shutters of each 
dam the level of the water is regulated in each basin according to the height of the flood and neces- 
sity. As for the basins near the head of the feeder, and which can not be inundated by the waters 
of the canal itself, which are at too low a level, they are submerged by means of water from upper 
basins, bronght by secondary cauals. The supply of one system of basins depends then, more or 
less, apou basins above, by means of which, by borrowing water, the insufficient inundation of the 
lower basins may be corrected. 

When the land of a system of basins has been submerged a sufficiently long time the outlets 
■which exist in the dikes of the different basins are opened, these basins commnnicate freely with 
each other and empty themselves one into the other, and the last empties into the esirape canal, 
which enters the Nile. The river is generally so low at the time of drainage that nothing is opposed 
to the running off of the water. Sometimes secondary works of dif«charge are estabUsbed along 
the intermediate basins. 

Tbe feeder generally has its bottom at a level so high that it is only fed during the maximnm 
of the flood and that its head will be already dry when the basins begin to discharge. When the 
water of the Nile is slow in falling it is not so; the work at the head is closed with shutters at tbe 
desired moment, or if there is no closing work at the head of the canal it is closed simply with 
earth and stones. 

In the present state of affairs the works of commnnicatiou from basin to basin and those by 
which the water is discharged into the Nile have not always sufficient openings to assnre proper 
legulatioD of the level of the basins or a sufficiently rapid drainage of the water; when this case 
presents itself it> is remedied by cutling breaks in the dikes, which each year have to be rebnilt 
before the flood. This is, however, a primitive aud costly proceeding, the employment of which 
is to be restrained by the construction of new masonry works. 
* On the left bank of the Nile the series of basins dependent on the same feeder and the same 
discharge canals are sometimes very extensive; there are two which are piu-ticularly remark- 
able. 
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Tlie first* extends from Sohag to aliout (il> kilomptera north of Sioat, in tbe two proviDoes <rf 
Guirgueb aud Siout. Il forms a strip of about lot) kilometers in length, lepreHeutiug an area of 
140,000 bectareB and diTided into twentyone principal basins. It is almust exclusively snpplied by 
a large canal called Sobagieb, wbicb bas its bead at Sohag and croBses the whole line of basins, fol- 
lowiug the thalweg of the valley. The greater part of the drainage water of these basins empties 
into the Nile a few kilometers above Siont, the snrplus drains, at the lower extremity of the series, 
into the BabrYoussef, a watercourse similar to the Sohagieh canal, forming, a-* it were, a pro- 
longation of it, following in the same manner the thalweg of the valley. 

The Babr-Yousaef itaelf serves as a feeder to an important chain of basins, expending to the 
north ot the preceding series more than 200 kilometer? and representing an area of about 17,000 
hectares. These lands of inundation, divided into sixteen principal basins, are separated from the 
MIe by a strip 6 or 6 kilometers wide, reserved for irrigation and watered by the Ibrahimieh 
canal and its branches. They discbarge the greater part of their water to the north of the prov- 
ince of Beni-Souef. The surplus is employed to complete the submersion of the basins of the 
province of Guizeb, which end at the point of the Delta. 

In the provinces of Esueb and Keneb, where the valley in general is narrower than in the 
lower provinces, the series of basins is less developed than those which have just been mentioned. 

It is the same along the right bank of the rive''. The course of the Nile being generally 
directed to this side, the valley here finds itself blocked from time to time by rocky promont^iries 
which prevent the filling of the lower basins by those above. It results that at many jwints of^ 
the right bank submersion can only be accomplished when the Nile level exceeds that of the ripa- 
rian lands, and this only happens, for portions litlle elevated, in exceptional years, when the flood 
reaches, at Cairo, 35 or 2G cubits. 

Also on the left bank there lies all along the river a narrow strip of high land which can only 
be cultivated regularly by submersion at great expense. There would be needed in fact, to inun- 
date them, canals having their heads at too great a distauce above, canals which would be of an 
importance entirely out of proportion to the small amount of land thus made valuable. There- 
fore these lands only undergo accidental submersion and are most &equeotly cultivated by irriga- 
tion by means of machines elevating from the river itself. 

Although the process of tilling and emptying the basins, as just described, appears very 
simple and easy of application, nevertheless iu practice the attention aud care with which the 
anthorities watch the distribution of the water among the basins determines in great measure the 
proportion of land submerged aud which becomes in consequence fit for cropping; for although 
the low land receives easily the inundation water, it would sometimes be necessary, in order to 
bring the water to the more elevated portions, either to overflow temporarily the basins or canals 
or employ some other device in the management of the works. Besides, as the basius are regu- 
lated by series, outlets imprudently made, or too soon or too late, may compromise the crops ol 
certain of them. But the more or less favorable results of inuudatiou depends especially on the 
manner in which the flood regimen behaves. 

If the flood is early, it enters the basins too soon by infiltration or directly ; some crops wbicb 
are made at this time iu the lowlands, with water taken with great difllculty from wells dug more 
or less deep in the mud, are injured before the time of maturity and gathering. 

If the flood is late, the epoch of sowing, which is done tifter the emptying of the basins, passes, 
nod the crops iu the ground are subjected to the strong heat of the following spring. If the flood 
is too little much land is too high to get water or can not remain snbmerged for a sufficiently long 
time, or, again, the basins can not obtain water sufilcient to assure a good crop. 

If the flood is too high, the dikes, which are threatened, demand an increase of surveillance. 
Finally, if the flood is too long, the heatU of the feeders are still supplied at the moment of empty- 
ing; the return to the Nile of the discharge water is with difficulty accomplished, and the drying 
of the ground proceeds too slowly. This shows with what attention the engineer charged with 
this service of irrigation in Egypt should watch the floods in order to take every possible advan- 
tage iu regard to culture by inundation. * 

' See PlatM I, II, and in. 
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The waters of the Nile are introdnced into the basius at the moment of the high point of the 
flood, that is to say, when they are most charged with mud and fertilizing materials; we have 
Been that at this epoch the Nile contains 1.50 kilograms of matter in suspension per cubic meter. 

It is agreed, counting the losses from evaporation and other losses, that a good snbmersion in 
Egypt requires 14,000 cubic meters of water per hectare, that is to say, the water in the basins 
should have a mean depth of 1.50 meters ; on the other baud, experience has demonstrated that 
the inundation water ought to remain on the laud, as often as possible, from sixty to seventy days; 
but it is often necessary to keep below these figures either by the insufBciency of the flood or on 
account of the arrangement of the basins themselves. 

Usually the basins begin to get filled in the flrst half of the month of August, and they are 
emptied during the mouth of October, the epoch of the fall of the flood. 

The water remains on the land during a time sufficient to deposit the greater part of the sedi- 
ment ; if it is admitted that it only leaves two-thirds, or 1 kilogram per cubic meter, the other 
third remaining in suspension, due to the tenuity of the matter composing it, or to the currents 
nod agitation caused in the basins by the wind, the submerged surface would be enriched by a 
quantity of mud representing 14 tons per hectare, or a layer which would be nearly 1 millimeter 
thick, supposing it uniformly spread. This mass of sediment contains, among other substances, 
15 kilograms of nitrogen and a variable weight of phosphoric acid. Tbeae are certainly valuable 
elements for renewing the fertility of the soil, bnt atone they would not be sufficient; an average 
crop of wheat would absorb double the quantity of nitrogen thus aflbrded by inundation. On the 
other hand, the amount indicated above, 15 kilograms, should be considered a maximum ; because 
the submersion can not be accomplished everywhere with water very rich in sediment, and it is 
often necessary, on account of peculiarities of the flood or certain local conditions, to use water 
already partially settled, comparatively clear. If the soil of the basins preserves it« power of pro- 
duction for so long a time, without requiring the peasant to have recourse to fertilizers for main- 
taining it, it is because the water itself, independently of the matter held in anspension, exerts a 
specially fertilizing influence on the interior of the arable deposits. Whatever ma,y be the causes 
and nature of the action, it is a fact readily proved that it assists; after the water is withdrawn 
from the basins the land gradually dries out and, since it Is very argillaceous, it contracts, cracks, 
and is very soon cut up by numerous and deep crevices which reach to the interior of the soil and 
divide into fissures more or less narrow. During the whole idle season of the land the soil is thus 
perfectly prepared by a thorough aeration ; the oxygen and nitrogen of the air penetrate iuto the 
ramifications of the crevices and ent«r into intimate contact with the earthy particles throughout 
the entire thickness of the active layer of Che soil. The inundation water comes afterward, loaded 
with this air, which is in a very divided state, and therefore more apt to be easily absorbed and 
transformed into products which will afterward be assimilated by the roots of the plants. 

This complete aeration of the soil duringthed^ing period of the basins pre.<)ents also another 
very marked advantage for the farmer, namely, as soon as the water is drawn off and the soil, still 
moist, baa become fit to receive the seed, there is no need of the laborer; a mere harrowing to 
mellow the superficial deposit is required. Whatever may be the chemical or physical action of 
the water in the inundation basins, it is nevertheless the fact that the farmers desire above all 
things the "red water" for their submersion, that is to say, the muddy water. Experience has 
t^gbt them that clear water is insufiicient to produce good crops ; also the basins supplied by 
feeders, whose heads are distant and which only carry water already clarifieil, are repnted less 
fertile than the others. A striking example of this kind was prodnced during the flood of 1885, 
The basin of Kocheicha, situated in the province of Beni-Souef, ordinarily received water which 
had lost almost all its sediment in passing through the upper basins, and the crops were not 
abundant. In 1885 the dike which separated it from the Nile was broken at the time the river 
was at its maximum height; the "red waters" thns rushed in and submerged it. The farmers 
obtained such goo<l results upon the land which was snbject to this inundation that they demanded 
and obtained that measures should be taken to introduce in the future the Nile water directly into 
their basins. 

Inoodation, besides the advantageous and fertilizing action exerted on the soil, contributes also 
to keeping it in good condition. By the pressure exerted on the surface of the ground the water 
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driveB back the Balioe and hurtful solutions, wbich have a tendency t« rise &om the Babsoil; in 
places where saline de|iositB have already been produced it servea to wash them away, dissolve 
them, and take them off with it. 

The method of cultivation actually followed in thebasins of Upper Egypt is without doubt that 
which was followed in the most remote ages; it consists of winter and spring cultivation. The 
winter crops are the truw crops of the basius aud the most extensive. Being made on land which 
has undergone innndatioii they do not need watering ; however, in localities where submersion has 
been insufficient they fail if they can not be snatained by irrigation water. 

In the basins a biennial croppiug is generally practiced, comprising a crop of cereals, alternating 
with a crop of beaos, lentils, or fodder. In the best situated lands, receiving abundant water, 
wheat can be cultivated for many successive years. 

Sowing for wicter crops lakes place from fifteen days to a mouth after the recession of the water, 
about the beginning of November; the crops remain in thogrouud from four to six months, accord- 
ing to their nature ; the soil then remains at rest until the end of the next QooA, except in regions, 
generally quit« rare, where epriug crops are made by irrigation, as will be indicated below. 



III. Method of Ibeiga.tion. 

All parts of Egypt have three kinds of crops : summer crops, and tbecrops of spring or autumn, 
and the wiut«r crops,* The summer crops aud winter crops are everywhere the most important; 
tbey remain the longest in the ground and occupy the largest extent of territory ; but the spring 
and autumn crops, which require only from sixty to seventy days, are no less important to the 
country, for tbey are almost exclusively devoted to Indian corn and a kind of sorghum, called 
dourah, which serves particularly as food for the fellahs. Of all these crops, those which are 
made in winter on inundated lauds of the basins of Upper Egypt are the only ones which do not 
require irrigation ; all the others demand it more or less, according to their nature and the season 
during which tbey are matured. 

The products of summer, which are for the most part sugar cane, cotton, rice, and Indian 
corn, are generally sown at the close of winter and harvested in autumn; they therefore require 
water during the hottest months of the year, which are exactly those during which the Nile is the 
lowest. 

Summercropscan not be obtaiued in the interior of the inundation basins, these being submerged 
justat the time when they are in the ground. In Upper Egypt these crops are worked on high lands 
bordering the Nile, which are above ordinary floods, or at least easily protected from the high water; 
watering is heroeffected by meaus of elevating machines drawing from the river Itself, from a depth 
wbich, during low water, is not less than S to 10 meters below the level of the soil ; on some im- 
portant estates, situated especially in the provihceof Esneh aud Keneh, and provided with feeders 
by steam-pumps placed on the Nile banks; on the line of certain unimportant canals, dug at differ- 
ent points in the valley to bring the water of the low stage to a few lands t)ack from the river; in 
the strip 5 or U kilometers wide and 200 kilometers long, extending through the provinces of Sioot, 
Miuieh, and Beui-Sonef, which bas been transformed into irrigation land by the recent construction 
of the great canal called the Ibrahimieh Gaual ; aud Sually to a large portion of Fayoum, a province 
which draws its water from the Ibrahimieh Ganal. 

Throughout Upper Egypt, except in these last two regions, the area susceptible of cultivation 
at the present time, in snmmer, probably does not exceed 40,000 hectares. 

In Lower Egypt the snmmer crops are made wherever canals carry the water throughout the 
year, that is for almost the whole extent of the territory. 

Generally, in Upper Egypt as well as in Lower Egypt, on well-managed estates, the snmmer 
crops occnpy nearly a third of the cultivated area. 

The winter crops, obtained by inundation, are, as in the inundation basins, the cereals, fodder 
plants, lentils, beans, etc.; these plants are sown after the waters of the flood brought to the land 

otops JOe oalled Id Egypt "sefi," winter aropa "chetoai," spring and antanin orops "nsb&ri" or 
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have caused a snbmerBion of some days, and tbey are har\'eat«d in the spring; they grow then in 
the least hot period of the year; they need two or three waterings, and they are more easily raised 
than the Hnmmer crops. 

In Upper Egypt these crops can be raised, outside the basins, upon the banks of the Nile; 
they are then watered, by means of elevatiag machines, like the snmmer crops, bat with less ex- 
pense, the level of the water being at this season of the year higher than in the hot season. They 
are raised also in all parts of Upper and Lower Egypt wherever there are irrigation canals which 
carry water during the winter months; that is, in the provinces watered by the Ibrahimieh Canal, 
in Fayoum, and some other localities of Upper Egypt, and over almost the whole area of Lower 
Egypt. 

la the irrigable lands the winter crops cover usually two-thirds of the cultivated area. 

As to the autumn or spring crops, which consist only of Indian corn and sorghum, they are 
sown generally at the time the flood comes to half its height, and they are harvested in sixty or 
eighty days afterward; their valne not being large, advantage is taken of the eiKKsh of high water 
in the Nile and canals, when irrigation can be applied most easily and with the least expense to 
water them ; besides, as these crops are in the grouiui at the time of the year when the heat is 
greatest, they need frei^uent watering, which should in certain cases be repeated every eight or 
ten days; moreover, they are exhausting croi)S, which require fertilizers to develop. 

These latter crops are the crops of rotation which can be made in Egypt wherever there is 
cultivation byirrigation. In practice they do not occupy more than a third of the irrigable soil ; in 
many places the proportion of Indian corn and sorghum is much less. These products may also be 
obtained in the basins of irrigation themselves; they are sown here either along the feeder, at the 
time the canals begin to receive the Nile water directly or by infiltration, or at low points irri- 
gated by means of infiltration water drawn from wells dug in the mud; here the crops should be 
oat and harvested before the basins are opened to the inundation water, lest they be injured or 
destroyed. 

In Egypt, whether the water be taken direct from the Nile or brought by canals, there are 
many places that it does not reach, at least during a great part of the year, the level of the soil; 
the farmer is then obliged to raise it mechanically for watering. 

On important estates they use for this work steam-pumps, but on small farms men or animals 
furnish the motive power. In the latter case, for small heights, the elevating machine (called 
"nattal")* consists of a kind of bucket of leather manenvered by hand, by means of four cords, 
by two men; for heights a little greater the same kind of bucket is suspended by a rope to the 
extremity of a counterpoised lever, which turns about its pointof support, this is the "chadoufj^t 
pat in motion by a single man; for still greater heights several cbadoufsare placed above each 
other, each taking the wat^r from the reservoir to which it has been raised by the lower machine; 
the "noria" is also used, worked by means of an attachment to which an ox, a buffalo, or horse, 
or sometimes an ass or camel, is harnessed. 

In the southern provinces of Upper Egypt no uniform system for aiding cultivation by irriga- 
tion has been adopted; the only important works which are found here are designed for inunda- 
tion, and, except in rare cases, the proprietor or the peasant who wishes to water is obliged to 
obtain the water where the Nile naturally brings it and distribute it over his land by his own 
method. Only a few small canals for summer watering have been dug, and to mature the autumn 
crops in the basins a few inundation canals also have been deepened to a lower level than that 
which is strictly necessary to obtain submersion. It is not so iu the north of Upper Egypt and in 
Lower Egypt, where important works of irrigation Lave been constructed in order to do away with 
the old inundation basins and carry direct to the cultivated lands situated away irom the Nile 
a sufficient quantity of water for the summer crops during low water, and for the autumn and 
winter crops during the flood and mean stages. 

In the north of Upper Egyptf irrigation is governed by a single great artery, the Ibrahimieh 
canal. This canal, constructed on the left bank of the river, has its hehd near Siont, and follows 
the Nile for a course of :;G0 kilometers; it is 100 meters wide at the mouth, and its bottom at this 
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point is 2 meters below low water. The regiou irrigated by this great artery is about 6 kilometers 
iu mean width; it is comprised between the I^ile and a parallel dike which divides the valley 
' throaghout its whole length into two parts; the strip situated to the west of the dike is arranged 
in inundation basins. The Ibrabimieh canat serves for many purposes. It famishes, by different 
branches, at all seasons, the wat«r for that portion of -the valley arranged for irrigation. 

During the flood it furnishes to the Bahr Toussef, a great natural derivation, the wat«r 
required to till the basins situated to the west of the dike of separation. 

By this same Bahr Youssef It carries all the year the water for irrigation into the province 
of Fayoum. 

The construction of this canal is recent ; it dates from the reign of the Khedive Ismail Pasba, 
that is, twenty years back ; its principal object was to develop, in the provinces of Siout, Minieh, 
and Beni-Souef, the cnlture of sugar cane. 

la Lower Egypt * the system of watering canals is far from being so simple, and if we glance 
at the map of the Delta we nicognize with difficulty, at first sight, the principal lines of the 
complicated network which is there represented. To better understand the characteristic traits 
of the Delta irrigation, a little history is necessary and a return to the beginning of the century. 

Before Mehemel All, seduced by the prospective wealth which would I'csult to the country 
from the possibility of making on a grand scale summer crops, bad constrncteid canals designed 
to carry to the very heart of Lower Egypt the water at the low stage of the Nile, this region was 
arranged for inundation basins; the water of the flood was then conducted to these basins by the 
two arms of the Nile, by a few secondary branches, and by wide but shallow canals. In a word, 
the system of submersion was practiced iu Ijowcr Egypt as it still exists in Upper Egypt; but 
since at many points of the Delta the water could not remain on the land more than from ten to 
twenty days, and very frequently at an insufficient depth, it was necessary to have recourse to 
additional irrigation to insure the preservation and growth of the crops. Therefore the country 
was, at this epoch, cut up by canal^ derived from the great canals of iuundatioa and excavated, 
as these latter, to a depth sufficient to still have water two or even three mouths alter the 
maximum of the flood. As in Upper Egypt, the feeders supplied series of basins separated from 
each other by dikes, which they passed successively, and beyond the last basin of the series they 
were prolonged by drainage canals, ending in the lakes in the north of the Delta. Kach feeder 
ended thus iu a drainage canal. When summer irrigation was desired, it was very natural to use 
for watering canals, as much as jiossible, the trunks of the principal canals of irrigation which 
then existed ; it was sufficient for this to excavate the inlets to a depth of 1 to 1.5 meters below 
the level of low water, and towards the south of the Delta to a depth of 8 to 8.5 below the level 
of the soil. The slopo given to these canals was less than that of the valley ; their bottom, at a 
certain distance from the Nile, was not more than 3 or 4 meters below the soil; like ordinary 
canals for inundation, they were held in general at this level. As for the secondary branches of 
the old inundation canals, some of those nearest the Nile were deepened to receive the low water; 
others were left as they were, remaining dry during the summer, aud finally the most distant 
were, almost without modification, supplied the eutire year. Thus was created pieeemeal, with 
elements of the primitive basins, a net-work designed for watering in the summer; |ierhaps even 
in certain cases it was possible to utilize for this new service works designed heretofore for 
inundation. During the flood all these same canals were employed for watering the autumn 
crops or for submersiou, to slight depths, of lauds intended to receive winter crops. As for the 
surplus water of irrigation and submersiou thus brought to the land, it was not tronblesome; ils 
drainage was accomplished into the lower levels of the feeders, which were really drainage ways 
in the system of basins and were iu fact so called In the cnntirry. Such are the general principles 
by which irrigation was substituted for inundation in Lower Egypt; they have led to the exist- 
ence of a series of systems almost independent of each other and each comprising : t 

A feeder canal having its inlet at the Nile, divided into many pools by works regolarly 
disposed below the heads of the principal branches and holding water the entire year. 

* See Plate IV. 

tThe deep cnnats fed throDghont tbe year are called Sed canals, tlie aliulluwcr cauals wbicb oiilf bavo nat<>r 
durinii flood are called NiH oanalD, aod tb« drainage <uuib1s go bf the name of Maaraf. 
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SeooDdary caaala derived from tLe feeder, du^ sufficiently deep to be BUpplied duriDg lov 
water. 

Other secondary canals, not deep, which receive ooly the water of the flood ; this secondary 
net- work tends to disappear more and more by being transformed into deep canab. 

A general drainage canal, which is nothing bnl the lower extremity of the feeder, terminating 
at the lakes in the north of tlie Delt-a, but which receiveH little more than tfae surplus of the canal 
itself; because, must frequently, there are no drains to collect and carry to it the discharge water 
of the lands. These canals of irrigation have generally a slope of {Vom M to .05 meters per 
kilometer. 

During low water they discharge the water at a much lower level than that of the land ; except 
however, in the regions remote from their inlets from the Nile; the slope of these canals is more 
gentle than that of the valley. During flood they deliver their water almost for tlieir whole length 
at the same level as the cultivated land. 

This whole collection of canals is very far from having assumed its state of eiinilibrium and its 
definitive iMmition; it presents in fact many defective points, not only in details but even in the 
principal disposition, and engineers in endeavoring to remedy these inconveniences make continual 
changes in the canals themselves and tn the regimen of their water. 

Manycause^jhavecontribiited to retard the rational progress of irrigation in this conn try. They 
are principally the lack of patience ami perseverance in the execution of the work, the imagiua- 
tiou and zeal of the contractors who urged the Government to begin works always enormous, and 
to leave them Hn&nishod to pass to others, the rapidity with which an absolnte power exacts that 
a work hardly conceived should be execoted, and the disdain of the operations and details destined 
to give this work all its value. To the same effect is the facility with which manual latwr, fur- 
nished gratuitously by an army of laborers, permits the execution of works of canalization in a 
country entirely level and in a soil composed wholly of mnd, a facility valuable but whose conse- 
quence in Egypt has been the hasty exeentiou of works badly elaborated and often too consid- 
erable for their object, sometimes useless and causing detriment to the unity of the system. There 
is also the action of the large proprietors, turning to their own profit and to the detriment of the 
small farmer the botieflts of ii-rigatiou, causing by personal and nelflsh combinations confusion in 
the feeders of the net work of canals and the distribution of the water. There is again the spirit 
of routine of the population, as well as tha frequent inexperience and want of originality of the 
Egyptian engineers charged with the regulation and regimen of the canals. It is finally meager- 
uess and want of regularity of official resources appropriated for irrigation, and the lack of 
maintenance which thereby results, and which prevents, for example, the dams echeloned along 
the canals, and become useless, from performing the duty for which they were constructed. All 
these defects are tending slowly to disappear, and for some years the regulation of the canals 
of Lower Egypt has been very notably improved in these difiereut particulars. The attention of 
engineers is now given to two improvements whose realization will be of the greatest importance : 
First, the establishment in the canals of a fixed level, such that irrigation may be afforded every- 
where without the aid of elevating-machines; and, second, the construction of drains. The first 
result will be obtained generally, either by means of dams or by proper reguladon or by combta- 
ing the canals in such a way as only to water, with each of them, the lands remote from their 
inlets ; as to the question of disposal of the drainage water, it is a very complicated one to solve. 

In the highest lands, those situated toward the point of the Delta or on the banks of the Nile 
arms, the outy water to be carried off is that which comes from the drainage of the irrigated lands, 
and it demands little attention, the drying of the ground effecting it by infiltration into the snb- 
eoil. There will be doubtless some drainage undertaken later, bat the need of it is not yet felt in these 
regions. On the contrary, in the lands lower and more remote ti-om the river, the lack of drains 
produces hurtful effects on the crops and transforms vastspaces into marshes. This notably occurs 
in the vicinity of the lakes in the north of Lower Egypt, where the land, little elevated atK>ve the 
sea level and having a weak slope, receives not only the overflow of the canals of irrigation, but 
also, through the subsoil, all the drainage water of the high lauds. In the present state of affairs 
the drainage of this water is accomplished with difficulty : first, because there is in these regions a 
lamentable confusion between the canals of irrigation and the drainage canals which form their pio* 
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longation, and in which the riparian owners aeek to retain wat«r for moistening the land ; secondly, 
because the irrigation canals, haviug in general their iHitto 018 at a levellower by SorlmetorRtbantbat 
of the land, carry towards the sea uselessly the whole mass of water lower than the aoil, ami fill the 
drainage canals with it, at least for a part of the year, to a level higher than the neighboring land. 
It 18 evidently only possible to obtain a good result by limiting to the strict needsof cultivation the 
quantity of water thrown into the irrigation canal by separating very thoroughly, in the low regions, 
the drainage canals from the watering canals and by creating entirely a special net-work of drying 
trenobea. This is being worked at this time, but a dilBeulty of another nature is met with. All this 
drainage water can only in fact be discharged into the lakes which border the sea. Kow, these 
lakes have a very variable level ; during the flood the enormous quantity of water which comes to 
them, either by the arms of the river or the great canals, empties itself but slowly by the narrow 
mouths which form the communication between the lakes and the sea, and therefore the height is 
much increased ; besides, the action aloue of the prevailing winds suffices to raise their level more 
than a meter. Under these circumstances the riparian lands, situated less than a meter above the 
sea-level, can only be regularly cultivated by diking or modifying the regimen of the lakes, so as 
to give them less water during the fiood. Some attempts to better these low lands have already 
been made, but they were very few and of too late a date to be interesting to speak of. 

Such are the most notable peculiarities which irrigation presents in Lower Egypt. As to the 
arrangements of the great canals which water this region and their mode of supply, a few words 
will suffice to givea general idea. At the very point of the Delta' is built the wellknown great 
dam, with movable gates, which extends across the two armsof Rosettaand Damietta, distant irom 
each other at this point about 1 kilometer. This work, whose construction began about 1S43 
and which is not yet flnisbed, has for its object the creation of a pool iu the Nile 4.50 meters in 
height and the distribution of all the water necessary for Lower Egypt by three great canala, 
having their inlets in the pool above, one to the west of Rosetta arm, another for the Delta proper, 
comprised between the two arms of the Nile, and a third for the lands situated to the east of the 
Damietta arm. The canal of the center and that of the west exist, but the canal of the east 
is not yet constructed; moreover, on account of the unfinished condition of the dam itself 
there has only been obtained to the present day a maximum level of 3 meters on the RosettA 
arm and 1.6 meters on the Damietta; it is intended to finish and strengthen this work so as to 
have it support a pressure of 4 meters of water. Uuder these circumstances the irrigation of 
eastern Lower Egypt is assured for the present by a series of canals arranged along the right 
bank of the Damietta arm, to the north of Cairo above and below the dam ; the provinces of the 
center receive their water from the canal of the center, or Rayah Menoufieb, which has its inlet 
above the dam, and by several canals whose mouths are grouped ui>on the Damietta arm in the 
first 40 kilometers below the same work ; finally the provinces of the west are watered in part by 
the western canal or Rayah Behera, which has its inlet above the dam, and in part by two great 
canals, the Katatbeh and Mahmondieh, situated below, and into which the water, in time of low 
water, is elevated trom the Nile by powerful machines. To the discharge of all these canala is 
added the product of numerous steam-pumps specially established on the banks of the arm of 
the Nile. 

Since during the jwriod of lowest water the summer crops are the only ones which are in the 
ground, and as the autumn and winter crops are not yet began, the wants of the summer crops 
determine the minimum supply of the canals; but opinions have varied much in Egypt, since 
irrigation has been carried on, as to the quantity of water which it is necessary to give the crops. 

Originally the farmers, on account of the large revenue which the produces of summer af- 
forded, bad a tendency to irrigate more land than the discharge of the canals could supply; but 
they Quickly saw that the soil was giving out by this method and that the crops diminished; 
therefore they were brought to gradually increase the volume of water per hectare, and conse- 
quently to reduce the area cultivated in summer. 

The international commission which was api>ointed to study the Suez Oanul was consulted by 
the Khedive to determine the qaantity of water necessary tbr irrigation in Egypt; It concluded from 

•See Plate IV. 
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study that there was needed aconstaut discharge of 55 centiliters per second i>er hectare. Linant 
(le Belletbuds indicates in bis works iilso, as -a quantity acknowledged suffieient for ordinary pur- 
poses, Go cL'ntiliters for the rice fields and 44 ceutiliters for other crops, being a meaa of 55 ceuti-' 
liters. The same author declares in another place that 826 millimeters are hardly sufficient for 
oottoD and sugar-cane, and 980 for the rice tields. 

Mr. Fowler, the engineer, who studied in 1875 the projects for the entire irrigation of Egypt, 
based all his calculations upon a lueau of 193 milli meters per secoud and per cultivable hectare. 
Admitting, as is generally the case, that on well-regulated estates s third of the laud should re- 
ceive aurainer crops, this discbarge would correspond to 58 centiliters per hectare of crop. 

The ministry of public works, in projects for irrigatioa by elevating-machiues, regarded 08 
sufficient a constant How of 65 ceutUiters per second and per hectare. For rice fields, also, they 
considered this amount sufficient. 

At present, in the projects which are being execnted or studied, it is admitt<Hl that a supply 
of 826 millimeters [>eF secoud and per hectare of summer crops gives a sufficient irrigation during 
low water, and that for the rice fields a little more is needed. It is estimated also that these 826 
millimeters per hectare, applied to a third of the cultivable surface of a region, sufQces largely for 
the needs of this region, and it is this amount of 0.825 liters divided by 3 = 0.275 liters per second 
and per hectare which serves as a basis for caloulatiug the low-water discharge iu the canals. 
This is the amount which should be given the canals at their inlets, making allowances for all 
losses from evaporation or infiltration. 

But as soon as the water of the Nile begins to rise it is necessary to provide for a much 
greater distribution of water; it is, in fact, at this epoch that the lands designed to receive the 
autumn crops are watered, while still reserving all the water necessary for the summer crops. 
According to the custom of the country, Indian corn or sorghum is sown throughout the whole 
of Lower Egypt duriug a period which do<^s not exceed fifteen to twenty days; during this period 
it is estimated that the quantity of water ^.pread over a certain region should be five times that 
which is furnished duriug low water, but generally it is confined to less quantities. Then comes 
the preparation of the lands for the wiutcr crops, which consists of a submersion of some centi- 
meters and a washiug of the soil ; but the requirements are not so great and less urgent in the 
month of August, during the rising of the flood. 

Upon the whole, if we compare the quantity of water recognized as necessary for irrigation in 
Egypt with that iu other countries, we see that it is not very high. 

Iu India, for regions cultivated under almost the same conditions as in Lower Egypt, they 
estimate from 22 to 28 centiliters per hectare uf cultivated area; and iu the province of Bengal it 
is estimated that a continuous supply of 874 milliliters per cultivated hectare is sufficient. Iu 
Egypt the calculated amonut is 826 milliliters only. 

In Lombardy they estimate for the natural meadows one liter per second per hectare; for 
rice fields, 2.50 liters; for the other crops, 6 deciliters, being a mean of 1 liter per secoud and pet 
hectare for a quite extensive region. In the south of Spain the supply varies from 75 centiliters 
to 1 liter for ordiuary crops, and goes as high as 2.48 liters for the rice fields. 

Finally, in the south of France it is estimated that a continuous discharge of 75 centiliters 
gives a sufficient irrigation, but when possible the basts of calculation is 1 liter per second and 
per hectare. 

The supply accepte<I in Egypt, then, is generally less than that adopted in other countries even 
less arid. 

If we consider the most extensive crop of Lower Egypt, that of cotton, which duriug the five 
or six months which it remains in the grouud requires about ten wettings, we find that the normal 
supply of 826 milliliters per second and per cultivated hectare corresponds to a total supply of 
10,700 cubic meters for the cultivation of a hectare of cotton. This quantity is less than that of 
14,000 cubic meters which is let into the basins of inundation for the culture of 1 hectare. More- 
over, as the wettings are made especially during low water, that is to say, at the time the water is 
least charged with mud, and hardly contains one-twentieth of that contained at fiood, it results 
that irrigation is far &om carrying to the land the same fertilizing principles as inundation; it 
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taay be truly said, however, that by wettiug, all the particles of water enter into more intimate 
contact with the soil than by anbmersion. 
* The total area at present capable of cultivation in Lower Egypt as well as Upper Egypt 
being 1,320,000 hectares, the quantity of water neede<l during low water for all the crops wonld be 
1,320,000 multiplied by 0.275 or 363 cubic meters per second, which repreeenta a considerable por- 
tion of the discharge of tlie Nile at this time of the year. But there has not, up to the present, 
been so much water devoted to irrigation in Egypt. 

About 1860 Linant de Bellefouds calculated that the discharge of all the canals at mean stage 
was 63 cabio meters per second; adding to this the water of the elevating machines we have, for 
this epoch, 80 cubic meters, more or less, per second. Up to 1881!, the discharge of the canals, at 
low water, increased by the water of the elevators, hardly exceeded the total of 275 cnbic meters 
per second at the maximum, and finally, in 1885, thanks to the pool of 3 meters height made by the 
dam at the apex of the Delta, the quantity of irrigation water amounted to almost 300 cnbic meters 
per second. Unfortunately, in the present state of affairs, the greater part of this water taken 
from the Nile is still lost to cultivation, and Hows uselessly to the sea ou account of the imperfec- 
tions of the regimen ami system of canals. 

According to Nadault de Buffon, the total quantity of water employed for irrigation in Lorn- 
hardy, about 1860, was 380 cubic meters per second, a volume a little greater than that which is 
required in Egypt during low water; it is true that, owing to the essentially different modeof cal- 
tivation in the two countries, these 380 cnbic meters are applied to a cnltivated area abouta third 
less thau in Egypt; alt the land tu Lombardy reqaires water at the same time during eammer, 
while only a third of the Delta is cultivated at this season. 

If we wish to apply irrigation to the whole of Egypt and to do away entirely with basins, the 
total cnltivated area being 3,000,000 hectares, there would be needed during the summer a supply 
of 550 cubic meters per second, which often exceeds the discbarge of the Nile at low water. It is 
evident, then, that it is notpossible to increase indefinitely summer culture in Egypt, anless we 
change the regimen of the Nile by creating pools and immense reservoirs which would store the 
flood watar iu order to return it daring low water. 



CHAPTER III. 



DESCRIPTION OF THE DIFFERENT IRRIGATION WORKS OF UPPER EGYPT. 



A complete description of irrigation in Ejiypt should comprise the detailed deHOription of the 
B;yatem of watering in each province; but this would be a wearisome labor and without much 
importance. Short references U> some of the most interesting works and canals will serve better to 
point ont what is the present condition of irrigation in this conutry. 



I. Dikes op the Nn-B and Works of Protection against Ovbbflow. 

The great bed of the Kile in limited throughout its entire conrso by dikt^n whose cresta are 
raised above the level of the highest flood. When one of these dikes l)ecoinu:j broken by the 
pressure of the water great havoo may result, because in general the level of the flood much exceeds 
that of the riparian lands, and especially in certain parts of the Delta the high water reaches nor- 
mally 2 meters above the soil of the valley. Therefore the Egyptians pay the greatest attention 
to the maintenance of these works in good order. In Egypt, where the conntiy is almost abso- 
lutely flat, a dike can only he constructed by taking the material all along its line from borrow 
pits, whose junction form a kind of lateral canal at the very foot of the dike. The following is the 
method of constructing the Nile dikes with the mud of the valley obtained at their base; they 
are located at very variable distances from the river, and are not constructed to follow it through 
all its detours, so that the land comprised in the greater t>ed thns bounded is often cnltivable even 
during onlinary floods; it is very difficult to day to give the local causes which have led to the 
adoption of one position more than another for these dikes ; the cause is doubtless the numerous 
changes which the Nile lias undergone since the conetruction of these works. 

The profile of the dikes is generally quite irregular; the type profile adopted is 4 meters wide 
at the crown with a height of 1 meter above the level of the highest floods and elopes of one ver- 
tical to three base. All tlie Nile dikes conform more or less to this type profile. 

When the riparian owners along the river desire to raise, the water by means of elevating- 
machines for the irrigation of their lands, they are allowed to build through the dikes, aqueducts 
or culverts. These openings, although tliey are closed and guarded in time of floods, are never- 
theless a threat to the safety of the country, they are, however, rarely the canse of rupture of 
the dikes. On the score of prudence, such anthority shonid not be granted at points where the 
flood rises more than 1.50 meters above the soil on which the dike on the river bank rests, nor where 
the distance between the foot of the dike and the bank proper of the Nile is less than 5U meters. 

The dikes being constructed of earth and their base resting simply oti the mud, it is necessary 
to employ special methods to protect them against the action of the high water. The nlTects of the 
river on the banks are produced generally in two ways, either the current impinges with violence 
against the threatened point, or the water, passing with ita maximum velocity at a short distance 
from the bank of irregular contour, creates along the bank counter currents and eddies, which 
rapidly carry away considerable portions of the riparian property. 

H Mis. 134 3 33 
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It \a very difficult, ia certain cases, to coaoteract effectively this caviug, siace the vater at 
metUutn stage, which occupies a bed much uarrower thau the floo<l, produces an effect opposed to 
that of the flood, filling where it lias excavated, and excavating, ou the contrary, where the flood 
made deposits. 

A few years ago people confined themselves to streugtbeuiug the eltipe of the banks, 
wherever attacked, by means of stoue throwu in without plan; much stone was thus expended 
without great results. Now there has bi!en adopted a system of dry stone spurs, designed to fix 
the direction of the current, trees, branches and cages filled with stone, which are arranged along 
thu bunli, in front of which it is desired to induce deposits of sediment. They have already suc- 
ceeded in giving to the larger bed of the river a greater stabiUty. 

There are annually expended nearly 100,000 cubic meters of stone in revetment or spurs along 
the Nile throughout the whole of Egypt. 

II. IHUNDATION BASINS OF THE REGION OF THF. SoUAC.IEH OAHAL. 

It has been shown that the system ~of irrigation by basins consists of: 
Canals for carrying the water. 

Longitudinal and transverse dikes whioh inclose the basins. 
Works established in these dikes for receiving and draining off the water. 
Works and cannls of discharge into the Nile. 

The series of basins fed by the Sohagieh upon the west bank of the Nile, to the north of the 
province of Guirgueh and to the south of the province of Siout, may be taken as a type of this 
system." 

The feeder canal is formed by an ancient water-course, called the Sohagieh, whose inlet is on 
the Nile, just above the city of SoLag, and which traverses, following the whole slope of tlie valley, 
the series of basins which it supplies for a length of 150 kilometers. 

Tbe Sohagieh loses itself at the lower extremity in the Bahr Youssef, another natural water- 
course, which forms, so to speak, its prolongation. A large inlet work is established at the head 
of the canal. It comprises 214 arches of 3 meters span, and has very much the character of the 
irrigation works established in this country at the beginning of the present century, which have 
almost all forms too strong for the pressure to which they are subjected, with enormous abutments 
and exaggerated openings for the discharge which they were required to furnish. 

As with most works constructed in the Nile valley, the foundation rests ou mud plentifully 
mixed with sand, and also gravel when depths 8 to 10 meters below the level of thu soil are reached, 
that is to say, upon earth highly subject to scour and slightly compressible. The foundation ited 
is 10 meters long and 2 met«r8 thick throughout. It is of betou revetted with two layers of brick 
placed uiJon the earth. This is the method of construction most generally employed for the fouuda- 
tion beds of such works. Stone work in ashlar forms the rear foundation below and protects the 
mass of masonry from undermining. The superstructure of the work is of brick, except the corners, 
£aoes, rabbets, etc., which ate of cut stone. 

The piers are 2 meters thick ; their total height is 5.69 meters from the level of the foundation 
bed to the springing line of the arches. Also the top of the piers on the upstream side are 10 
centimeters above the level of the highest flood. The surface of the foundation bed is placed at 
3.60 meters above the lowest water. The bed of the canal is then dry during mean low water and 
while the river is below this level. 

To regulate the discharge of the Sohagieh and close it^ either before or after filling the basins, 
grooves 30 centimeters wide are arranged in the faces of the piers, which permit the arches to be 
closed by means of shutters 25 centimeters thick. The maneuvering of the shutters is very diffi- 
cult, for they are heavy and it is often necessary to raise them under a iiressure of from 4 to 5 
meters of water. They use for this purpose a c;ir furnished with wiuohes, which is moved along 
the bridge by traveling on rails laid on longitudinals which rest on the starlings of tbe piers.* 

In 1885 the inlet work of the Sohagieh was opened August 10 and closed October 1. 

This work, as well as all the hydraulic work in Egypt, is built with mortar formed of a mixture 
of fat lime and brick-dust. 
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The dikes of the basins are constrncted entirely of mad; the cross-section is, as vEtb tbolfile 
dikes, qnite irregular. The slopes are generally 2 base to 1 vertical, but the type profile adopted 
has slopes of 3 ba»e to 1 vertical with i meters thictcness at the crown ; all the dikes are geaei'ally 
oomtng to this type. 

The slopes of 3 to 1 are iDaiDtained perfectly and give sufficient solidity to the embankments, 
which are ofteu, in the low parts of the basins, 5 to 6 meters in height. Besides, the north winds, 
which blow contiuuousfy during the season of inundation, form the surface of the water into waves 
which erode the north slopes of the dikes ; they are now protected, to prevent rupture, by mats of 
reeds, which lessen the effect of the waves. In spite of these precautious it is necessary each year, 
before the flood, to repiiir these slopes. 

The ilikes describe, in their plan^, many zigzags; dunblless they were originally nearly recti- 
linear, and built on the boundaries of the low lands of the difierent villages, but at the points of 
accidental rupture, or of cuts made for drawing off the water, it has been necessary to reconstrnct 
them, to make detours, up-stream, around the deep holes dug by the current caused by the breaks. 
There has resulted, all along the general direction of the dikes, numerous elbows, whose cause at 
first sight are not evident. In the upper part of its course the bed of the Sohagieh canal is sepa- 
rated from the liasins, which border it, by longitudinal dikes, whose crest is horizontal, all along 
the same basin, in order to permit them to retain the water; the canal feeds each of the basins by 
an interval lett between the upper end of its longitudinal dikes and the lower transverse dike of 
the basin above, without the nece-ssity of establishing dams on the canal itself. Many of these 
basins inundate, by means of bridge dams, others of less impfirtanoe which do not receive the 
water direct from the canal. Finally, a few small basins are still filled, at least in part, by sec- 
ondary canals having a direct inlet from the Nile. These last are those whose level is the highest 
in the transverse profile of the valley. 

In the lower part of its course the Sohagieh is no longer diked; its bed simply crosses the 
transverse dikes of the basins by means of bridge dams, which permit the miiintcnance of a suitable 
level in each of the successive reservoirs ; in these basins the bed proper of the canal is simply 
the lower portion of the land, and its greater bed is bounded on the west by the mountains of the 
Libyan chain, and on the east by the Nile dikes. 

The basins thus laid out on the surface of the valley are often of very different dimeusiona, 
as the following table, which comprises all the basins supplied by the Sohagieh, shows: 
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The map of the basius of the Sohagieh, comprised betweea Sohag and Siout, indioaten also 
the components of the ajBtem of basios on the right bank of the valley, a system cut up by many 
rocky promontories, which on this side advauce even to the bed of the river. 

The same map shows thiit the villages are built in the interior of the basins; in order to avoid 
inundation these centers of population are established on artificial mounds raised to the height at 
least of the dikes. 

The communication between the diiferent basins, as well for filling aa for emptying, is aocom- 
plished generally by meaus of masonry works, which are' comiH)sed of arches of 3-meter spaa, 
closed by moans of shutters, and which, although less important, aru disposed almost similarly to 
the inlet bridge of Sohagieh. 1 As these works ai-o not always sufliuient to discharge the requisite 
volume of water at the desired moment; it is usual fo make breaks in the dikes. This latter 
method, which is costly, since it uecessitates each year the establishment of heavy earthwork, 
will disappear in proportion as the unmber of regulating works are increased. Often to avoid the 
difficulty of placing and raising the horizoutal shutters, with depths of water which may be as 
much as 5 or 6 meters and with a great resultant pressure, horizontal beams are plaeed permanently 
across the arches, at intervals of 1 to 1,50 meters, supported at their extremity in the grooves of the 
arches; the closing of the work is then accomplished by means of vertical timbers, which are sup- 
ported below by the sill of the foundation, and at intermediate points by the fixed transverse 
beams. But this method forms with difficulty tight fermeture, and many of the timbers are 
broken in handling them, which is donn by means of winches and cranes placed on the top of the 
bridge. It can not be said, up to the present, that there is in Egypt a very complete or well- 
considere<l system of fermeture for all these works. 

There have not yet been constructed, although they have been planned for a long time, spo- 
ciall,s important works for emptying the basins into the JSile, and a barbarous method is employed, 
which consists in cutting a portion of the dike along the river and allowing the water to escape 
ihrongh this breach. All the basius between dobag and Siout are discharged for the most part 
by cuts made every year in the dike between Aboutig and Siout. 

As to the basins situated to the north of Slout, they empty themselves into the Bahr Yonssef, 
which itself with the whole series of basins along the Ibrahimieh canal, of which mention has 
already been made in the preceding chapter, empties into the Nile by a breach made in the dike 
of the Kocbeicba basin to the north of the province of Beui-Sonef and by another breach made in 
the liacca basin, sitnated below the preceding. 

Aa the emptying of the basins is done most frequently at the time when the Nile is still high, 
it is necessary to be careful to regulate the time of the different discharges and their intensity, so 
as not to produce a supplementary flood loo liable to submerge a portion of the crops situated 
below. Thus, in certain years the breach in the Kocheicha dike having been opened suddenly, 
the water rose at Cairo more than 1.50 meters in twenty-eight hours. This is an accident to be 
avoided. A great exceptional flood was produced in 1S78 because, the water having continued to 
rise for a long time, it was necessary to empty the baain.s at the time that the Nile at Assouan was 
not yet falling. This flood was thus a disaster for several provinces. 

In 1885, when the return of the inundation water was made under good conditions, the dis- 
charge of the basins of Upper Egypt were so regulated that it extended regularly over the first 
twenty days of the month of October. . 

The maintenance of the works necessary to manage the basins comprises principally the 
rebuilding and repair of the profile of the dikes after each flood, refilling the breaches made for the 
discharge of the water, and the cleaning of the canals, in which deposits of mud are principally 
formed near their months. These works of repair, which consist consequently of earth-work, arc 
quite considerable. Up to 1883 they were executed exclusively by the corvee, but since that time 
they have been let partly to contractois. 

In the province of Guirgueh, which incloses 137,000 cultivated hectares, the mean annual vol- 
ume of earth-work which was heretofore executed by the corvfie, from the official accounts ren- 
dered to the miaistiy of public works, was 3,500,000 cubic meters, half upon the dikes and half 

• See PJatO VI, tho tjim of these works. 
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in tbe canals. This makes 26 cubic meters of earth-work per cultivated bectare. The total espeod- 
iture in connectiou with these works, sapposiiig them done entirely by contract, is dow estimated 
for the service of irrigation atl,17U,000 francs yearly, being S franca G5 ceDtinies i>er hectare under 
caltivation. 

In tbe province of Keneh, which contains 118,000 cnltivateil hectares, the mean yearly amount 
of earth moved by the corvee was 3,8U0,(jOO cubic meters, of which 1,450,000 cubic metera were in 
dikes and 1,350,000 were in the canals. Tliis gives 13 cnbic metera per hectare for dikes and 20 
cubic metera for the canals, in all 33 cnbic meters. 

The cost of the work of maintenance in this province, if done by contract, is now estimated at 
1,140,000 francs, or 9 franca 50 ceutimea per hectare. 

In tbe province of Esneh, which is of much less extent and which only inolndes 63,000 hec- 
tares, tbe annual volume of-eartb-work is 900,000 cubic meters, 350,000 on the dikea and 550,000 
in the canals, which gives per bectare 5.50 cubic meters for the dikes and ^.70 cnbic metera iu tbe 
conala; in all, 14.30 cnbic meters. 

Prom present estimates the repairs of tbe canals iu this province will t>e done by contract for 
535,000 franca, or S franca 50 centimea per hectare. 

In the three provinces of Esneh, Keneb, and Gnirgueb, which are tbe only provinces in which 
there are no special great canals for summer watering, and which have an area of 318,000 Lectares 
cnltivHied, the total volume of earth annually moved waa, a few years ago, 3,550,000 cubic meters 
OD the dikes and 4,650,000 cubic meters in tbe canals; in all, 8,200,000 cubic meters; and the an- 
nual expenditure for esecuting all thia work by contract is eatimated to-day at 3,845,000 franca. 

These reported amounta, to the hectare of cultivated land, correspond to au average movement 
of 11.16 cnbic meters on the dike« and 14.63 cubic meters iu the canals, or 35.78 cubic met'Crs in 
all per hectare, and the annoal expenditure is a mean of 9 francs per hectare. 

As the canals of the baalna only receive water during low water, all thia eartb-work ia exe- 
cuted dry. 

III. Ibrahimieh Canal and the Peovince op Fayoum. 

The Ibrabimieh canal has its inlet near tbe city of Siout. By itself and brancbea it serves 
to submerge or irrigate all or a great part of tbe province of Siout and all tbe crops on tbe left 
bank of tbe Nile in tbe provinces of Minieh, Beui-Soue^ and the whole of Fayoum, which repre- 
sent an area as follows : 

HecUru. 

Part of the province of Siout 75,000 

ProvinceB: I 

Of Minieh (left bank) 165,000 I 

Of Bem-8onef(left Lniik) 93,000 

Fafoam 97,000 

Total 4^0,000 

Of this amount 240,000 hectares are arranged as basins of inundation, and it is.not advisable 
here to make summer watering, as the water reserved for the more favored lands, which are 
devote<l to tbe cultivation of sugar-cane, can not lie used for this purpose. 

Tbe Ibrabimieli canal* is composed of two very distinct sections. The first is 61 kilometers 
long. This is only In reality a feeder canal, which ia not utilized for watering the riparian lands; 
they are too high above the level of low water. ' 

At the sixty-first kilometer this feeder is divided into many branches. 

The Ibrabimieh canal, a direct prolongation of tbe common trunk, designed to carry the water 
of irrigation, and which is 195 kilometers long. 

The canals of Sahelieb and Deroutieh, which flow, the first between the Ibrabimieh canal and 
the Nile, tbe second to the west of the Ibrahimieh canal, and which are specially reserved for the 
irrigation of lands nearer the point of bifurcation. 

The Bahr Yousaef. This canal, or rather thia water-course, serves to carry the water of tbe 
low stage as far as Fayoum, and during the flood to fill the series of basins of inundation arrang»^ 
to the west of the belt of land which is reserved along the Nile for irrigation. _ 

* See plate m. 
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The first portion of tite Itiraliimieli canal, or the feeder, has it« month a short distance north 
of the city of Siout and extends sis far aa Dorout. The canal at first describes a curve, directing 
itself towards the north, then it follows very nearly the course of the Nile. In this locality the 
lands situated on the left bank of the caua1 are cultivated by inundation and receive their water 
from the basins above. As to the lands, of little ext«nt, which are situated between the canal and 
the river, they are caltivatcd by irrigation, by means of elevating-machines drawing from the Nile 
or from the secondary canals. 

The Ibrahimieh caual has no inlet work from the Nile ; the water of the river enters it freely. 
The banks dug in the mud are simply strengthened by means of riprap reaching back from the 
mouth for about a kilometer in length, that is to say, to the point where the canal is crossed by 
the railroatl from Siont to Cairo. 

The normal width of the bottom at the mouth is flsed at 35 meters, and the slopes at 2 base 
to 1 vertical ; but the eanal, in this level, being a true river with a rapid current, it is difficult to 
preserve for it between its muddy banks a very stable profile. The width also varies, at the bot- 
tom from 60 to 70 meters, and at the level of the soil it is comprised between 90 and 1-0 meters. 
The limit of 35 meters indicated above is then at present purely theoretical. Tlie canal having 
its month free, the level of the bed at the inlet varies contiuoally, according to the deposits brought 
by the water. They always endeavor t« maintain during low water by dredging this level at the 
42.65 met«r mark, or at a depth of 2 meters below the level of low water for the normal width of 
35 meters. The level of the cultivated lands at this place is the 51.80 meter mark. The bottom 
of the canal is therefore found to be 9.15 meters at low water, 7.15 meters below the soil of the 
valley. The slope of the canal being less than that of the valley, the level of low wat«r gradually 
approaches the cultivated lands and very soon reaehcs it in the secondary canals. 

The masimum high-water mark at the mouth of the Ibrahimieh canal is 53 meters, or more 
than 8 meters above the level of low water and 10 meters above the bottom of the canal; the 
dikes have a command of 1 meter at least above the highest water. 

The railroad bridge, which crosses the canal 1 kilometer below its month, is composed of a 
draw span of 30 meters, 8Ui>ported at its middle point by a masonry pier 6 meters wide, and three 
iron spans, each having a clear opening between piers of 18 meters. The lowest point of the 
roadway is 11 meters above the level of the lowest water. 

The mean slope of the canal iu the fli'st Gl kilometers, between Sioat and Derout, ia 15 milli- 
meters per kilometer. 

Under the conditions indicated above the canal takes, in low water, 50 cubic meters per 
second, or more than one-tenth the total discharge of the Nile at ordinary low water; at high 
water it takes 740 cubic meters per second. 

The discharge of the Ibrahimieh is never well assured in low water, because it depends both 
on the lieight of low water and the level of its bottom obtained by dredging, in fact it is not 
alone the depo.sits of mud which fill this canal, but, especially at it^s mouth, even at low water, 
the sand and heavy matters are drifted along the bottom and tend to raise it at the time that 
watering is most necessary for the crops. Thus, notably in 1882 and 1883, a bank of sand, 
which was defiosited along the bed of the river iu front of the mouth of the Ibraliimieh, sent to 
the canal deposits in such quantity that four powerful dredges could hardly make headway against 
the choking up which resulted. 

The volume dredged on the 61 kilometers between Siout and Derout iu the last four years is 
as follows: 

1882 636,744 

I8S3 716,195 

1884 818,430 

1885 034,369 

At Derout (kilometer Gl) begins the distribution of the water of the Ibrahimieh canal. At 
\thi9 point the canal widens into a kind of basin, along which are constructed six works of distri- 
bution; they are: 

sPirst. Upon the right bank, a reservoir to carry back to the Nile the surplus water of the 
i trunk. This work consists of five openings of 3 meters; a look 8.50 meters wide and 34 
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meters long between miter-sills is liere built, aad itffords, during liigli water, commanication 
between tbe Nile and the Ibrabimieh by tbe return canal. 

Second. On the right bank, a little below the reaorroir, the inlet of the Sahlieh canal, com- 
posed of two arches with oponioga 3 meters wide. 

Third. In the axiti of the baain, the dintribntion work built for the Ibrahimteli canal itself; 
it consists of seven arches of 3-met«r openings, with lock 8.50 meters wide for navigation. 

Foarth. On the left bank of the canal, the water inlet of Deroutieh, composed of three arches 
of 3 meters. 

Fifth. Again, on the left bank, the inlet of the Bahr Youssef, comprising 5 arches of 3 meters 
and a lock 8,50 meters wide for navigation. 

Sixth. Finally, on the same side, an inlet of two arches of 3 meters, for filling several basins 
BJtaated on the left bank of tbe Babr Youssef, and at a level too high to be filled by tbe Bahr 
Youssef itself. 

All these works are closed by means of horizontal stop-planks. 

Tbe principal ramifications of the Ibrahimieh canal are, then, ihe two great navigable arteries 
which are the prolongation of the Ibrabimieb itself, the Bahr Youssef and tbe two secondary 
canals, viz,, the Siiheliph and the Deroutieh. The sills of the inletis of these different canals are 
at different levels; the highest are those of Deroutieh and Sahelieh. These sills have been estab- 
lished for a regimen of distribution different from that adopted at present; they are in general 
below the level adopted for the canals themselves, a level very variable and which, on account of 
large deposits of mud, de|>eud8 entirely upon the depth of the yearly dredging. 

At present the 3!).!K) meter mark above the sea level is fixed for the bottom of tbe principal 
trunk at Derout, or iiliout 5.S0 meters below the level of the soil. The level of low water is there- 
fore 3.50 meters below the land, the slope of the surface being considered the same as the slope 
of the bed, that is, supposing the level is not affected by the regulating works. As to floods, the 
flow is regulated so that it will not exceed at this point the level of the crown of the works, fised 
at 47,515 meters, or 7.60 above the bottom. 

Sakelieh canal. — The Sabelieh canal, which has a width of 8 meters at the bottom, at its 
month 19 kept at a depth of i meters below the level of the soil, or 1.50 meters above the bed of 
the Ibrahimieh. It trends between the Nile dikes and the Ibrahimieh tiAim] lor a length of about 
40 kilometers as far as Abou Kourkas, using most frecpienliy the bed of the nucieut canals. 
Various works for holding the water are arranged along its course. The first kilometers of the 
canal are costly to maintain on account of the mud deposited annually, and because the products 
of dredging dumped eaeb year on the banks render the work more and more difficnlt. This earth- 
work is done dry ; it amounts annually to a mean of 90,000 cubic meter^. 

Deroutieh canal. — The Deroutieh canal, constructed entirely anew at the aame time as Ibra- 
himieh, has a regular course. The width at the bottom is 10 meters at its inlet at Derout: ita 
level is the same as the Sahclieh. 

The normal slope of tbe bed is G5 millimeters per kilometer. 

The length of the canal is 70 kilometers, aud the cross-seution diminishes in proportion to its 
distance from the inlet. 

The croasse£tion is quite irregular in consequence of defective dredging, which has been done 
by the men of Ihe corvSe. At certain points the distance between dikes varies from 30 to 40 meters. 
It is therefore dithcult to specify at present a typical cross-section for this canal. 

During low water the discharge can be increased to 7.56 cubic meters per second by com- 
pletely opening the dam at the iidet. There are necessary for agriculture about 4 cubic meters. 

During high water the canal should discbjirge about 28 cubic meters per second. This dis- 
charge is necessary on the one hand for the winter crops of the region between the IbrahiniieU 
and the chain of the basins on the west, and on the other band to complete the filling of the 
basins of Achmounin and Tanachaoai, representing 32,000 hectares of surface, which, as we will 
see farther on, can not be completely filled by the Bahr Youssef. This partial innndation is made 
by simple breaches cut in the west bank of the canal. 

At about the thirty-third kilometer the Deroutieh canal can receive, in case of need, the 
Vftter from a branch of the Ibrahimieh, an ancient canal bed, capable of supplying to the thirty- 
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eighth kilometer, which terminates the Deroutieh, the water needed to irrigate the whole territory 
between the Ibmhiinieh and the basius as far &s Minieh. 

This commuuieatioii, established by the Sabaka betweeu the Deroutieh and the Ibrahimieh 
canal, presents another advantage. The necessity of introducing in great quantities the muddy 
water into the bed of the Deroutieh for the partial filling of the basins causes, for the first 10 
kilometJirs, considerable deposit. To remove these deposits it is uecessarj- to drain the bed dry, 
beginning at the outlet. The Sabaka canBl during this time furnishes the water ueeded for the 
Hunimer crops, and this ({uite conveniently, because at the first kilometers the irrigable area is not 
estensive, the Ibrahimieh canal beiug very close to the longitudinal dikes of the inundation 
basins. 

When the work of clearing out the Deroutieh was performed by the corvee it was done twice; 
the first time in the month of Mareh, before the planting of the sugar cane needed the water, and 
the second time at the end of May, a little before low water, in order that the young plants should 
not be deprived of water before the flood. 

At present this work is done by contract. It is possible with the new arrangements for the 
distribution of water to shut the upper part of the canal during the months of October, November, 
December, and January while there is less need of irrigation, and thus allow the contractors all 
the time required to perform their work dry ; i( amounts to 120,000 meters. 

Prolongation of tke Ibrahimieh canal. — From the point of bifurcation at Derout the Ibrahimieh 
oanal is prolonged to some distance north of Beni-Souef for a length of abont 195 kilometers. 

The level of the bottom, below the distributing works at the head, is at present fixed at about 
1 meter above the bottom of the feeder canal, or at 4.50 meters below the neighboring lands, and 
the bud has a sloi>e of 6 centimeters per kilometer until the bortom has attained a depth of 1.50 
meters below the level of the neighboring cultivated land, or at about the seventeenth kilometer 
ftrom Derout. The slope of the canal then Iweomes the same as that of the valley, and the ordi- 
nary level of the water is maiutai ned at the height of about 1 meter above the surface of the land. 

Four works are established along the canal to facilitate the regulation of the water during 
low water. They are : an old bridge with nine arches, situated at tlie sixtietli kilometer, in a part 
of the ancient canal, whop<e bed the Ibrahimieh uses for a short distance, and three works, com- 
posed of three arches of three meters and a look, are situated atMiuieh (kilometer 70), Matia (kilo- 
meter 110), and Magaga (kilometer 138). 

Immediately above these four dams are the outlets of the principal derivations. 

The Ibrahimieh, except at a few points where it follows imrtious of ancient canals, is very 
tegular in direction; it Sows parallel to the Nile, and does not leave between itself and the river 
a distance of more than 4 or 5 kilometers. 

The width of the bottom diminishes gradually from 20 to IJ meters, the embankments are 2 
base to 1 vertical, with a berme 5 meters wide on each side above the ordinary level of the water; 
but here, as in most Egyptian canals, which are more or less deformed by deposits and irregular 
dredging, it is difficult to fix a typical cross-section. 

AUliough locks have been established at Derout, Minieh, Mattai, and Magaga, the Ibrabimii-h 
is not considered navigable, the last two locks have never been completed, and navigation is im- 
possible betweeu Derout and Mattai on account of an old bridge with nine arches mentioned above. 

Many works recently constructed in the eastern dike of the Ibrahimieh allow, duriug high 
water, the emptying of the surplus into the Nile, and the maintenance therefore of a current suffl- 
eiently rapid to prevent, in a notable degree, the deposits of mud held iu susjiensiou. 

Finally, a masonry syphon, composed of two openings 1.20 meters wide, has be»in constructed 
recently nuder the Ibrahimieh for a double purpuse. In the first place, duriug the flood, it joins 
to the Nile a transverse canal connecting willi the inundation basins of Minieh, to which it fur- 
nishes water provided directly by the river and strongly charged with nind ; while, before the 
establishment of this work, this basin was only fed with water already partially settled. This 
same syphon serves in the 8ec«md ))lace, during high water, for the drainage of irrigable lands 
situated to the west of the Ibrahimieh, and iu which the want of drainage baa increaseil consider- 
ably the portion of saline material hurtful to cultivation ; it is also a culvert which carries to the 
.Nile tbe iturplus of irrigatiou water. 



IBRIGATION IN EGYPT- 



41 



Altboagfa tlie turbid waters bare already deposited a great part of their road before reaching 
the worlis of Deroat, iievertLelesa it is ueceaaary to dredge annually in tbeDeroatieh and Sahelieb; 
tbe same obtains for tbe first 20 kilometers of tbe Ibrabimieb below Deroat. Tbe amounts dredged 
eacb year on this Bection are: 



18B2.. 



In 1886, by opening tbe regnlating works along tbe canal dnring flood and allowing tbe water, 
whose surplus escapes to tbe Nile by several drains, to flow freely, tb© dredging of Ibis portion of 
the Ibrabimieb bas been avoided ; but some earthwork is neeessary in the upper ih)o1s of tbe 
secondary canals wLere some deposit takes place. 

Tbe Ibrabimieh eaiial having always water, the clearing is here effected by dredging. 

DiatributioH of water. — As has been said, tbe feeder of the Ibrabimieb canal, under present 
conditions and with ordinary low water, discbarges 50 cubic meters per secoud. This has not beeu 
the case very long, for in the years 1880, 1881, and 1882, at a time when excavation by means of 
dredges was not very well organized, the minimum discharges were, respectively, 38.27 and 30 cubie 
meters per second. 

Taking as a basis tbe normal discbarge at low water of 50 cubic meters, this volume of water 
it is estimated shuiitd be distributed at Derout in the followiug manner: 

One-third to the Bidir Youssef to be utilized by Fayoum, as we will see further on. 

Two-tbirda to tbe canals of Ibrabimieh, Deroutieh, and Sahelieb. Tbe 33 cubic meters thus 
disposed of by these throe cauals permit tbe cultivation, in summer crops, every year of about 
42,000 hectares, which, taking into account the rotation of crops, corresponds to an irrigable area 
of 126,000 hectares. 

Tbe surface, cidtivatable by irrigation, is separated from tbe region of inundation basins, fed 
by the Babr Youasef, by means of a great longitudinal dike, of tbe usual type of Egyptian dtkea, 
which ext«nd8, almost parallel to the Ibrabimieh, from Derout to tbe extremity of tbe canal. 

The Jiahr Youssef. — Tbe Bahr Youssef is really a natural watercourse, whose ancient bed is 
crossed by tbe Ibrahituiab canal at Deront, and whicli was formerly fed from the Nile. It treuds 
immediately towards tbe west of tbe valley and hugs the Libyan chain, which it follows as far as 
Fayonm. 

Tbe Babr Youssef has a very tortuous course. Measured along its genera! direotjon it has 
nearly the same length as the Ibrabimieh from Derout. 

Its bed has a very variable sectiou from point to point. In tbe most regular section the lesser 
bed is from 60 to GO meters wide with a maximum deplb from G to 8 meters. At high water tbe 
greater bed is limited by tbe dikes, and everywhere on the west by tbe mountains which also bound 
tbe valley. 

Tbe slope of the Babr Youssef is almost equal to that of the Nile ; its level, taken on a section 
across the valley, is therefore a few meters below the level of tbe Ibrabimieh canal, which runs par- 
allel to it, and of the canals derived from tbe latter. 

During low water tbe Bahr Youssef discharges about 17 cubic meters per second. At tbe time 
of highest water, which occurs when the basins which it crosses are being emptied, it discharges at 
least 850 cubic meters per secoud. Its water is therefore atwut 4.50 meters above tbe level of low 
■ water. The discharge, at low water, of the Ibrabimieh canal above Derout being hardly sudicJeut 
for the summer crops of the province of Fayoum, and the region of tbe irrigating canals of tbe prov- 
inces of Siout, Minieb, and Beui-Souef, it is necessary to stop all summer cultivation along tbe banks 
of the Babr Youssef. Therefore during low water this water-conrse takes all its water to Fayonm, 

During the Sood it is utilized for filling the inundation basins, which are arranged along its 
banks from Derout as far as the dike of Kocheicha, then in tbe north of the province of Beni-Souef, 
for emptying t lie same basins and also for the discharge of tbe basius fed by the Sehagieh, between 
Derout and Siout. Also, and finally, it serves at the same time to carry to Fayoum tbe water 
intended to submerge tbe lands for tbe winter crops. 
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Tbe bastus fed by the BeUr Toussef, and situated on the right bank of that river, are ae 
follows : 
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There are also a few eabmergable lauds between tlie Bebr Yooseef and tho mountains, but 
these basins are of little importance. 

This whole collection of basins, separated from the Nile by the Ibrahimieh canal, also fed 
tbronghontits whole length by the Babr Yonssef alone, is too extensive, for the lower basins only 
receive water too much settled and not very fertilizing. It was to overcome this inconvenience 
that the ayphon of Miuteh was built under the Ibrahimieh, as above mentioned, and many others 
have been projected. 

The la«t transverse dike of this system of basins, the dike of Kocheicha, presents a remark- 
able peculiarity ; it is the only dike in Egypt which in not entirety built of mud. It is bnilt with 
an interior core of earth, retained above and below by masonry walla from 8 to 10 meters apart. 
This work serves, therefore, very w«ll to secure the whole series of basins, and to prevent them 
from precipitating all their water upon the lower parts of tho valley by rupture of the dikes. 

Fayoum,* — This province presents characteristics entirely different from those existing in the 
rest of Egypt. The soil is lighter and the slope is much greater. 

Fayonm forms a great basin scooped out of the desert. The low part or this region on the 
northwest side is occupied by a lake imlled Birketel-Keroun, whose mean level is 40 meters below 
the sea, that is to say, almost 70 meters below the gorge which forms the only communication of 
this province with the valley of the Nile, and by which the Bahr V^oussef brings it water. The 
diatance of this gorge from Lake Keroun being 40 kilometers, the mean slope of the hind in the 
direction of the lake is 1. SO meters per kilometer. To the west of Lake Keroun the slopes are sterile 
and abrupt. 

The entrance to Fayonm, inclosed between two plateaus, leaving an open space between them 
of about 1,500 meters, is closed by adike which completely separates this province from the inun- 
dation basins of the valley of the Nile. The Babr Youssef crosses this dike by means of a masonry » 
work called the bridge of Ellaoun, composed of three arches, one of i meters and the two others 
of 3 meters openings, 

Fayonm was formerly cultivated by basins, like tbe whole of Upper Egypt, the bed of Bahr 
Youssef being too high ta receive the Nile water at low water. Spring wat«r, generally saline, still 
comes to this province during summer and stitl feeds the Bahr Youssef. These waters were far 
from being suflicient for the requirements, and it was necessary to economize them ; thus haa been 
created throughout the whole of Payoum a very complete syBtem of distribution by means of 

*See Plate III. 
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masonry works, established along the principal canals and along the pools and reservoirs, which 
form the trae basins of supply. 

Since the Ibrahimieh has furnished water to the Bahr Yonssef during low water, the summer 
crops have been much developed in Fayoum, and the inundation basins tend to disappear more 
and more. 

The general system of canals is very simple here. After the bridge of Ellaoun, the Bahr 
Yonssef continues as far as the chief place of the province [MedinetelFayoum] whence start all 
the canals which water the province, forming divergent ways along which are arranged the special 
outlets and whose surplus flows into Lake Kerouu. 

In consequence of the abundance of irrigation water, the level of the lake has been raised some 
4'meters in latter years, thus overflowing laud heretofore cultivable ; also the lack of drainage 
canals in the low parts has tended to render salt and sterile quite a quantity of land. 

For the whole area of cultivated land in Fayoum, which is 97,000 hectares, it is estimated at 
present that the quantity of water to be given to the province might be, during low water, between 
17 and 23 cubic meters per second, which might be raised during flood as high as 58 and even 
80 cubic meters. But a part of this water is lost in Lake Keroun by defective distribution. 

The mean amount of earth- work, which was formerly executed entirely by corvee, for the repair 
of canals and dikes reached, according to ofiicial figures, 1,300,000 cubic meters per year, or 14 
cubic meters per hectare. 

These work? of repair, which are now done by contract, are estimated to-day as representing 
an annual expenditure of 295,000 francs, which amounts to 3 francs per hectare. 

These amounts, very miich less than those mentioned for the other provinces, are explained 
thus: Fayoum being far from the Nile the water which it receives is slightly charged with mud, 
and because the slope of the laud is much greater than the rest of Egypt the velocity of the water 
here is much greater, and therefore the deposits are less considerable. 



CHAPTER IV. 



DESCRIPTION OF THE MOST IMPORTANT IRRIGATION WORKS IN LOWER EOVPT. 



I. ISMAILIEH CANAL.* 



The Tsmailieh canal, altboiigh it belongs to tlio irrigation system of the provinces to the east of 
the Delta, deserves nevertheless a separate description. It is, in tiact, the only important canal in 
Egypt which lias been constrncted throughout by contract, and which has t>cen constrncted as a 
single job. There results a regularity in its flow and profile which the other canals, built by the 
corvfe are far from itOBsessing ; it is much oftener uned for navigation than irrigation. It wan c«n- 
stnicled, in virtue of agreements between the Egyptian Government and the Stipz Canal Oomi)any, 
fur the pnrpoae of creating a navigable waterway between the Nile and the tnaritime canal ; to 
furnish water for irrigating some lands conceded to the company, and finally to provide for the 
neeils of the maritime canal and the towns and stations established along its course a daily snp- 
ply of 70,000 cubic meters. According to the specificiitions the bottom of the Ismailieh was to be 
established so that the depth of wiitur should always be 3^ meters at high wat«r, 2 meters at mean 
stage, and 1 meter at low water, 

The Ismailieb canal has its iiilet at Cairo; it has two in1et« — one called the Easr-el-Nil, in the 
heart of C liro, is the oldest, but it is only utilized as an accessory on account of ita want of solidity ■, 
the other, called Chonbrafa, is situated 7 kilometers below. The canal kilometers are always 
counted ftom the old iulot; the branch leaving Choubrah is 4 kilometers long and joins the main 
canal at the ninth kilometer. 

Rniinirigat first to the northeast the Ismailieh follows the edge of the desert until it reaches the 
little valley of the Ouadi, which it crosses and follows the north side, trending direct to the east 
as far as the town of Ismailia, where it discharges into Lake Timsah. A branch, which begins a 
little before Ismailia, stretches toward the south across the desert, following a line parallel to the 
maritime canal and empties into the channel of the port of Suez. 

The line of the Isinailieh conforms at many points to the direction followed by the ancient canal, 
which, according to historians, put the Nile in communication with Lake Timsab, or with the Red 
Sea itself, and of which traces have been found on the surface. 

The length of the canal between the Nile and Lake Timseh is 136 kilometers, and the length 
of the Siie^ branch is 89 kilometers. 

The width of the bottom, is 13 meters; the aloiMis are generally 3 base to 1 vertical np to (he 
level of the soil, with a slight bermeof 50 centimeters wide 2 meters above the bottom. The crest 
of theemb;uikment8, having a thickness at the crown of 7 meters as a minimum, was originally fixed 
at 11 meters above the bottom from the head to the twentieth kilometer, thence at 9 meters as far 
as the fifty fourth kilometer, and linally at 5 meters for all the rest of the canal ; but these profiles 
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of the embanlcmeDt have now been modified in many places by the earth taken oat by dredging. 
A banquette of S iDet«rs wide is generally arranged between the foot of the embankment and the 
orest of tUo slope of the caoal trunk. 

In sandy localities the slope of the canals are held at 6 base to 1 vertioal Trom the bottom to 
the Bomniit of the embankment, 

On the Snez branch the normal width of the bottom is only 8 meters; but it is not everywhere 
kept to this ditueuslou ami in uertain places it does not exceed fi to 6 meters. 

The lougitadinalprofllefor the first 98 kilometers has aslope of 43 mihmeters per kilometer; at 
the ninety-eighth kilometer a fall of 00 ceutimeti;rs is obtained by the (rassassine lock ; the slojw 
of the canal then becomes 20.5 mtllimeters per kilometer aa far aa Ismailia, where tbe bottom of 
the canal is 4.30 meters above the level of Lake Tiinsah. This difference of level is overcome by 
two locks. On the Suez branch the mean slope of the bottom is 25 iiiiltimeters per kilometer. 

At Cairo the trunk of the canal has been excavated to 1 meter below tbe level of the lowest 
known water, or to the 9.725 meter mark above tbe sea level, and to a depth of LI. 00 meters below 
the top of the wharves" and adjoining land. 

At the crossing of the valley of Ouadi tbe canal is in embankment, and the level of the water is 
2.50 meters above the adjacent land. Tbiscanses frequent infiltration, which extends quite a dis- 
tance along both banks, iiud, no arrangement having been made fordrainagc, large areas, formerly 
cultivated, have been mined. 

Fine regulating bridge-dams with locks, including the work at the Ohoubrah head, are arranged 
alongthe canal as far as tbe Suez branch, uotiueluding the second inlet work on the Xile, called 
Easr-er-Nil, almost abandoned, which is composed of six arches with 3 meter openings and a lock 
6 meters wide. 

These workst are designated as the locks of Choubrah, Siriakos, Belbeis, and Gassassine. 
Except at Gassassine, the trattom of the canal has no fall .due to these works, which only differ by 
the variable height of tbe chamber- walls. They are composed of a lock 8.50 meters wide and 51).5<) 
meters total length, with an available length of 38..'j0 meters ; in one of the chamber-walls of the 
lock is built a regulating work, composed of two openings 2. "5 meters wide, separated by a pier 
2.50 meters thick; the openings are formed by an arch of 1.25 meters radius, supported ui>on 
vertical piers 2.50 meters high. 

Lateral culverts, 1.90 meters high and 70 centimeters wide, are built in each one of these lock 
walls, and afford communication between tbe pool above and the interior of the lock or the pool 
below. The lock is provided with an iron gate with shutters. 

Tbe openings and lateral culverts are closed by means of cast iron Bhntter8.{ The works are 
not built upon a solid subsoil ; their tbnndatioua are generally about 3 meters thick. 

Bridges, having a movable span across tbe lock, are placed above each bridge dam; this 
movable part is composed of an iron draw on all the works, except at Chonbrah, whem they have 
built a turn-bridge, of two wings 9.50 meters wide between parapets. 

The terminal locks of Ismailia are of the same type as the others, but they have lift-watls and 
no regulating works built in them. 

Tbe locks of the Suez branch, of which there are five, and the first of which is iit Keficha, the 
head of this branch, and the other four at the sisteenth, forty-second, and sixty -eighth kilometers 
and at Suez, have no dams built, but arefurnished with tbe lateral culverts, permitting tbe estab- 
lishment of a current in the canal. 

Among the other necessary works for the regulation of the Ismailieh canal are two outlets: 

One, about the seventy-fifth kilometer, on tbe right bank, is composed of three openings of 3 
meters, with piers 1 meter thick, closed by stop planks, and intended to empty into the Ouatii, 
whose level is l.IO meters lower than the Ismailieh canal, a part of tlie surplus water. 

The other, situated at Nefiche, near tbe city of Ismailia (one hundred and twenty-ninth kilo- 
meter), oontains five openings of 2 meters, closed by stop-planks, and separated by piers 1 meter 
thick and 3 meters long; the sill of this outlet is 2 meters above the bottom of the canal; it sends 
the sarplns water into Lake Timsab.^ 



* See Plate VII, Fig. 2, for designs of tbeae whuveo. 
(See Plate VUI. 



t See PlBt«H IX K 
i gee Plote SI. 



IRRIGATION ly EGYPT. 



47. 



A DUtuber of outlets, more or less importaut, connect the Ismailieh canal with the net-work 
of canals which water the provinces of the eastern part of the Delta; theeo outlets have in gen- 
eral iron fermetiires. The most important of the comDiunications is that which is eetablished with 
the Oaadi canal, about the seventy-fifth kilometerj a lock constructed at the point of junction of 
Ihe two canals, with a lift-wiill uf l.GO meters, the level of the Onatli canal being below that of 
the Ismailieh canal; this canal only serves for irrigation in the first part of its coarse, and the 
Suez branch flows through the open desert. 

The minimum discharge flsed for the Ismailieh at low water is 17.36 cubic meters per second. 

At high water the discharge is uearly the same. From this it results that the muddy water 
coming into the caual with a very weak velocity, at a depth of about 5 meters, causes considerable 
di.^|)oHit8 iu the first pool, which it is necessary to dredge each year. The small extent of existing 
iiilets and the low height of the banks in the lower pools forbid a free entrance of the Nile into 
the canal at high water. They always decrease notably the volume of water by closing almost 
completely the works at the head during high flood, taking the greater part of the necessary 
water by means of an oi>ening in the second iiool, which connects the Ismailieh with a second- 
ary canal called Chibiui ; the water thus introduced is then far enough from the Nile to have de- 
posited all its mud. 

The annual dredging in the Isuiailieli, which was formerly more than 300,000 cubic meters, not 
including the work in the ancient arm of Kasr-el-Nil, is found by this means to be reduced by at 
least 150,000 cubic meters. The greater part of this work is retiuire^l to clear out, on the side of 
the Nile, the inlet itself of Choubrah ; the work at the head is in reality established not uiwn the 
bank nf the river — it is almost 500 meters distant, aud is connected by a channel whose head is 
backed up every year by the back water of the flood. 



II. Thr Great I>am op the apex op the Delta. 

The general view given above of irrigation in Lower Egypt has already shown the important 
part which the great dam established at the apex of the Delta was destined to fill, and the small 
rdle to which it has been reduced in consequence of its unfinished condition and the economy 
which was introduced in the foundation. 

In spite of these defects, this dam is nevertheless a grand work. It was undertaken with 
much boldness by M. Mougel-Bey, engineer des jwnts et chaussfies, about 1843, at a time when the 
use of movable dams was little known, when there had not yet been projected a work of such im- 
|)ortance in the deltas of great rivers. Unfortunately, he expcrieuced in his undertaking all the 
vicissitndcs which works requiring a long time undergo in this country ; at first begun with fever- 
ish activity, then neglected and abandoned, and finally put in use before it was even finished. 

This great dam was constructed at the exact' locality where the two arms of the Rosetta and 
Damielta separate. "It consists really of two dams, each established on one of the arms, including 
between them a tongue of laud about 1,000 meters wide, which forms the point of the Delta ; this 
is bounded by a circular wharf) and is cut in the middle by the great canal of Menoutteh, which 
is designed for the watering of the land included between the two arms of the Nile and takes its 
water from the pool above the dams. 

The dam of the Eosetta branch is formed of aixty-one arches of 5-meter openings separated by 
piers 2 meters thick ; at each extremity is a lock, one 12 and the other 15 meters wide; the total 
length of the work is 4t>5 meters. 

The dam of the Damietta arm is identical with the preceding, except that it has ten more 
arches ; its length, therefore, is 545 meters. 

According to the project, the pool created by this work was to be, at the maximum, 4..'iO 
meters above the level of low waiter, suppiiscti to be 11.80 meters above the level of the sea; the 
water of the pool above was thus to be held at Hi.30 meters, that is, very nearly at the level of the 
cultivated lands at this locality. But it was afterward found that if the water necessary for the 
irrigation of the whole of Lower Egypt was taken from the pool above the dam, the level of the 
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pool below vould be tsacti less than 11.80 meters, and it was necessary that this level should be at 
least above the 10-raeter mark; the dam then, in order to obtain the required height, should se- 
cnre a poo! of 5.80 meters. 

The foundiition* consists of a bed of betoo covered by a layer of brick with beltintr oonrses of 
cut Btoue ; the total width of the bed is 34 meters, with a thickoess of 3.50 meters, with retaining 
walls above and lielow 5 meters in height. The foundation bed is prolonged below by an apron 8 
meters long, formed of a bed of stone of a mean thickness of 1.50 meters covered by a bwl of beton 
1 meter thick, with a slope of 20 centimeters per meter. This apron is terminated by a mass of 
beton 4 meters wide and 3 meters thick. The total width of the foundation bed is tbns 46 meters; 
riprap strengthens the bed of the river below. 

In the Damietta arm and the greater part of the Bosetta arm the bod is bnilt on the mad ; 
bat in the middle of the Rosctta branch, where at the time of construction the bed of the river was 
lower than was the intended level of the bottom of the foundation, (Ley simply, for about 70 meters 
in length, to oven up the bottom^ threw in riprap upon which beton was sjiread to the proper depth. 
This mass of riprap reached to a depth of 12 meters below the beton masonry. 

It has for a long time been doubted whether in this country such a foundation would stand 
under a pressure of 5 to 6 meters of water, and, in fact, the dam to this day having, owing to 
various circumstances, never been required to stand more than 3 meters pressure, it can not be 
said what would lie the effect of a greater pressure of water on the mass of riprap; nevertheless, 
the English engineers now in the Egyptian service affirm that in India, where there are large 
dams built on river mud similar to that of the Nile, they often, to economize masonry, have raised 
the bed by means of sand Blling, or stone riprap ; the water filters for a certain time through these 
masses, which soon bectune au impermeable barrier. M. Fowler, in one of his reports on the Nile 
dam, mentions, among other thiugs, the case of works built uuder these conditions on the Kistnah 
and the Godavery in India as having been perfectly successful. 

However tlits may l>e, it seems certain that beton established on riprap, on the Nile, ha« been 
put in without the proper precautious, that the greater part of the mortar has been carried away 
by the current, whittli filters through the masonry, and therefore that the masonry does not present 
the necessary resistance to withstand a great pressure. In consequence of this fact, when it is 
desired to use tie dam, cracks formed ili many places aod settling occurred ; coft'er-dams were often 
built iu the most threatened places, but iu spite of everything they have never dared, until the last 
few J ears, to subject the dam to a prtsssure of more than 2 meters of water. 

The piers are 2 meters thick, 15 meters long, and 10 meters high ; they support fnll center 
arches forming a bridge 10 meters wide between heads ; the top of the piers are at the level uf 
high water. 

The system of fermelnre first projected, and which has been arranged for the Rosetta arm 
only, is cumplicaled and very imperfi'ct ; it is composed of sheet-iron gales of cylindrical form 
turning about a horizontal axis and carrying many Hoats designed to lighten them in the water and 
thus facilitate their mauenveriug. These gates do not give a tigjjt fermeturo; iu fact, it whs 
thought that the discharge of the Nile at low water wiis sufficieut to allow a great part of it to flow 
through. 

Until the last three years, the dam of the Damietta not being furnished with apparatus for 
closing it, they were content to close the Uosetta arm, at least partially, and thus obtain a pool of 
two meters. This choking of the river allowed a quite plentiful supply fur the central canal or 
the MenonReh, and the Damietta arm supplied all the water for the provinces of the east and 
center of the Delta. But since 1S83 they determined to use this work more thoroughly; for this 
they shut the Damietta arm partly by means of stop plunks, and the Rosettn arm as completely 
as possible; they obtaine<l thus a poul of 3 meters above low water at the Rosctta arm and of l.CO 
meters at the other, and were able to largely feed the central canal aud increase the discharge of 
the canals situatc<l on the right bank of the Nile between the dam and Cairo. 

To obtain this result without compromising the stability ol the dam, M. Willcoks, the engi- 
neer iu charge of the direction of this work, employed an ingenious method which consist"d in 

■See Plates £111 andXlll bis. 
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diminisbiDg tbe pressare on tbe fonudatioD bed by dividing tbe total fall of 3 meters into two falls 
of 1,50 meters each. For tliis piirposo along tbe estieniity of tbe apron for the wbole lungtb of tbe 
dam a dike of riprap* was e^stablisbed, wtiose crest, 2 meters wide, was 3.25 meters above tbe level 
of the apron; in spite of ita permeability tbis dike was sufficient to create a difference of level of 
1.50 meters, and it reduced tbus tbe pressure on tbe apron to that of a fall of 1.50 meters. Now 
it ia proposed to strengtbeu and place tbe dam ia sack condition tbat it may produce normally a 
pool of 4 meters, that is to bold the water above at a level of 14 meters ut low water; projects 
have been elaborated for tbis which will shortly by executed, and which consist particularly in 
strengthening tbe apron, repairing the bad portions, erecting iron apparatus for fermeture of easy 
maBeuver, and iu strengthening the bed of the river below by strong and massive riprap. 



in. Peovikcbb situated to the East op the Daikietta AEM.t 



The watering of the provinces of Lower Egypt, eitnated to the east of the Damietta arm, is 
accomplished at present by seven principal canals leading from the Kile and by their branches. 
Three of these canals are between Cairo and tbe dam ; they are the Ismailieb, the Cherkaonieb, 
the BesBonssieb. The other four are below tbe dam ; they are the Bahr Moez, the Sabel, the Om 
Salama, tbe Mansourieb. 

Tht Ismailieh canal. — This canal has been mentioned above ; it is not necessary here to go over 
it ; it is able to contribnte to irrigation alon^ its course, because of its constant discbarge of at 
least 11 cubic meters per second. 

CherkatMtieh. — The Nile mouth of this canal is about 12 kilometers above the dam ; it ia formed 
by a masonry work, reconstructed a few years ago, and comiiosed of five arches of 2.40 meters, 
closed by stop-p1anks.| The level-mark of its sill is 2 meters below the level of low water, but 
the bottom of the canal at the mouth is held at the 11.50-meter mark, or at 1.50 meters below tbe 
highest pool obtained hitherto at the great dam. 

The work is of brick and of cut stone ; the bed lies on a*)nndation of sand ; it is of betOD, 
and has a thickness of 2 meters with retaining walls 2.70 meters high alwve and below; it is 
covered with two overlying layers of brick masonry laid on edge. The piers are 2 meters thick, 
11^ meters high, and 15.80 meters long ; they support a bridge 8 meters wide. 

Tbe bottom of the canal is 10 meters wide, and the slopes are 2 base to 1 vertical ; tbe longi- 
tudinal slope is quite irregular on account of defects iu dredging ; tbe normal slope shoold be 4 
ceuti meters per kilometer. 

This canal follows a line almost parallel to the Ismailieh canal for about 28 kilometers of ita 
length ; here it separates into two branches, of which one, the Ghibini, communicates with the 
Ismailieh canal at Zaouamel by an inlet formed of two arches of 2.50-metier openings. 

Tbe canals derived from the Oberkaouieb carry the surplus of their water to the eastern part 
of Lake Mensaleb. 

At low water this canal discharges easily 6 to 7 cubic meters per second, especially since they 
have obtained a good rise in the water above tbe dam of the Delta. 

During flood tbe Cherkaouieh receives a supply of water 5 to 6 meters in depth. 

Bessoiugieh. —Thin canal has its mouth 2 kilometers below tbat of the Cherkaouieh. The 
work at the head is an old bridge-dam, composed of three arohcs, one of which has an ojiening 
3.G0 meters and tbe other two openings of 1.90 meters, closed by vertical stop-planks. The bot- 
tom of tbe canal at the mouth is held at the 11.60-meter mark, or 1.40 meters below the highest 
level obtained hitherto at the great dam. Its width is fixed at 8 meters, and the slope is 4 centi- 
meters per meter. 

The Bessoussieh follows at first a line nearly parallel to the Nile for 12 kilomet'CrB of its length. 
It is designed in this portion for watering the high lands which border tbe river, then it ramifies 
into two principal branches, the Filfileh canal, which still flows parallel to tbe Nile, and the Aboa 
Akdar, an ancient Felusian branch, which empties into Lake Menzaleb. 



* 8«e PlAte XII, Fig. 2. 
H. Mis. 134 4 
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The discliarge of the BessoassieU at low water is 5 to 6 cubic meters per eecODd. 

Bakr Moez. — The Babr Moez leaves tbe Nile 70 kilameterH below the dam. It has no masonry 
work at its month. It is ao ancient arm ol' Ihe Nile, GO to 80 meters wide, which flows freely as 
far as Zagazig, for 40 kilometers following the ancient bed of the Tanitic branch. At Ziigazig this 
water-course is provided with distributing works, established at the heads of different canals which 
branch from it. One, the Onadi, is provided with a lock, and foims a navigable commnnication 
between the Bahr Moez and the Ismailieh canal. The Bahr Moez is itself dammed at Zagazig by 
a work composed of nine arebes, with openings of 2.30 meters. 

The normal discharge of the Bahr Moez is to-day, at low water, 23 enbic meters per second, but 
it seldom attained this amount except in tbe last few years, for it formerly discharged from 10 to 
15 cnhic meters only. 

The level of the Bahr Moez at its head, formerly fixed at 6 meters below the neighboring culti- 
vated land, or at G meters above the sea, is now held a little above this, becanse instead of annually 
dredging this canal to the 6-meter mark they prefer to raise the water of the Hile 1 meter by means 
of a temporary dam. 

The employment of these temporary works dates from 18SS. It affords a temporary solution 
for feeding the Bahr Moez dHring low water nntil the works for placing the great dam of the Delta 
in working condition are completed and allow tbe water to be brought by a lateral canal from the 
Nile. Tbe temporary work was as follows. Since a more complete fermeture of the Damietta arm 
has been obtained at the point of the Delta, the canals which have their inlets on this branch have 
with difficulty maintained their discharge, and, in fact, in 1SS4 it was very difficult to obtain water 
for the irrigation of the northern portion of tbe eastern provinces. To remedy this inconven- 
ience it was decided to bnild across the Nile, a little below the head of the Bahr Moez, a massive 
riprap, damming the bed of the ri,ver and forming a dike 430 meters long and 25 meters wide at the 
crown. Amaximumriseof the water of l.IO meters was thus obtained, which signally improved the 
supply ofthe Bahr Moez and gave iteven much more water than was necessary. This temporary' dam 
contained 16,000 cubic meters of stone. It cost about 65,000 francs, which is much less than would 
have been ex[>ended for dredging tne Bahr Moez to a depth equal to tbe damming up of the water. 
When the Nile began to rise as great a part as possible of the stone was taken out and placed on 
the bank, to be utilized the following year. Tbe remainder was left in place, and caused only aa 
inappreciable rise in the fiood level, the section of the lesser bed upon which the dike was built 
being only a small portion of tbe greater bed. 

For this work, and also at other places where stone for riprap or spurs is too expensive, as a 
substitute they have used blocks of rough brick. This material is mannfactured in ordinary brick 
kilns; tbe earth is cut in the form of bricks, roughly si|uared, dried, placed iu the kiln and burnt 
BO that some portions are vitrified, and agglomerated pieces of more or less size are then drawn 
from tbe kiln, broken into irregular shapes, and may be employed in riprap ; the soil of Egypt, 
almost everywhere, is a<liipted to the fabrication of the^e blocks. 

Sahel Canal. — The Sahel Canal has its inlet 2 kilometers below the Bahr Moez. Designed for 
tbe irrigation of the high lands between tbe river bank and the territory to the east watered by the 
derivations of the Bahr Moez, it follows the banks of the Nile for a course of ^0 kilometers and 
then diverges, under the name of Bouhieh Gaual, to empty in the Lake Meuzaleh. 

The work of the inlet consists of six arcbes of 2,50-meter openings, closed by stop- planks ; the 
-bed is at the 6.0T<meter mark above the sea ; the mean width of the bottom is 10 meters, and the 
normal slope is 6 centimeters per kilometer. 

The mean discharge of the Sahel Canal is from 10 to 12 cubic meters at low water; it has been 
notably increased for the last two years by the temporary dam just mentioned, and which was 
plaeed below the inlets of the Bahr Moez and Sahel, in onler that the rise in the water might be 
taken advantage of by both canals. 

Mansourieh and Om Salama Canaln. — These two canals have their inlets very near each other, 
and 110 kilometers below the dam of the Delta. Bach is provided at its head with a masonry 
work composed of three arches of 3-meter o])enings. The aprons are at the 2.79-meter mark for 
tiie Om Salama, and at tbe 3.44-meter mark for the Mansourieh, tbe level of the soil being aboat 
the 9.30-meter mark; but the canals are not dredged out to the level of the apron. 
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The tm> canals follow two lines sligbtly apart and parallel to the general directioQ of the Nile, 
to which the Mansonrieli is the nearest, being designed for the irrigation of the high lands. About 
the fortieth kilometer they separate, the Om Ualaiua being prolonged by the Bahr Tanah, which 
inclines at flrut towards the east, and the Mansoarieh by the BahrSagfair; both, after following a 
sinuous course and an irregalar profile, empty into the western part of Lake Manzaleh. 

The mean combined discharge of both these canals, at low water, is 18 cubic meters per second. 
This discharge was notably increased tn 1886 by the constriictiou, below their head during low 
water, of a temporary dam similar to that of the Bahr Moez and Sahel. 

This work "erected at the point where the greater bed of the Nile is 450 meters wide, and where 
the floods attain an altitnde of 11.50 meters, has its crest at the 5.50'meter mark ; it has a length 
of 239 meters and a maximum height of 4.40 meters above the bottom. For82meter3of its length, 
in the portion where the bed is the highest, it is a simple earthen dike; for the remaining 157 
meters it is composed of a riprap of stone and blocks of rough brick ; a platform 18 meters wide 
is arranged at the 4-meter mark, and is surmounted by a small dike 1.50 meters high and 1 meter 
crown. A rise of SO centimeters is thns obtained, sufficient to assure an abundant discharge for 
the Om Salama and Mausonrieh canals, which, from unforeseen circumstances, have not lieen 
dredged to a depth sufficient to secure proper irrigation for the region without this artificial ele- 
vation of the water level. 

From the lower extremity of the Mansonrieh Canal, at the point of junction with the Bahr 
Saghir, a second canal about 60 kilometers long branches ofl'; this follows a line parallel to the 
Nile, and is specially designed for the watering of the rice fields as far as Damietta. This canal, 
which is called the Cherkaonieh of Damicttta, had a few years ago an inlet on the river, bat it 
has been closed and is today completely out of use. 

Such are the principal canals which serve for the irrigation of the eastern provinces of Lower 
Egypt. They are of two kinds — some, as the Bessoussieh, the Sahel, and Mansonrieh and its pro- 
longation, the Cherkaouieh of Damietta, serve at least in the upper portions for the watering of 
the high lands along the Nile ; the others, as Ismailieh, the Cherkaonieh, the Bahr Moez, and the 
Om Salama, start immediately from the river and carry their water directly to the distant and lower 
lands. 

The description of the different Egyptian canals does not show great precision in reference to 
the section, discharges and slopes, and works for regulating the water. This is due principally to 
the instability of the present condition of irrigation, and to the variation which the role of each 
canal has undergone for some time, and its importance in the general net-work. 

Thns the information given above, except as it concerns the works of skill, shoald only be con- 
sidered approximate- 
On the other hand, every year an enormous quantity of mnd modifies entirely, for great lengths, 
the dimensions of the canals. The removal of these deposits is not made with perfect regularity, 
and as these deposits consist of the same mud as that in which the canal is excavated, it would be 
in general very difiicult to distinguish at the end of a certain time the primitive form of the section. 
They are described only by typical profiles, which have become entirely theoretical and which have 
no relation to the actual state of aflTnira. Even the masonry works can only in certain cases give 
an indication of the normal width of the canal, and not of its depth, because often dredging has not 
been carried even to the level of the apron. This is why, in the description of the irrigation of a 
region, instead of entering into detail, often useless, we are obliged to confine ourselves to a few 
summary indications of the [wsition and the general direction of the principal trunk of the moat 
important canals, without occupying ourselves with the dams which are established from point 
to point, or the inlets or branches which distribute the water, some at low water and others only 
at flood. 

The lands of the eastern provinces which are the least favorable for summer crops are those 
which are nearest the point of the Delta, and especially the province of Galoubieh. In this por- 
tion, in fact, the soil is more than 5 meters above low-water level and 3 meters above the pool of 
the dam. It is necessary, then, to use elevating-machines to water the land. At certain points it 

'See FUte XV, Figs. A and 5. 
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18 necessary even to elevate tbe flood water in order to make winter crops. As wr approach tlie 
sea tbe difference of level between ihe soil and low water diminishes, and consequently tbe expense 
of irrigation decreaties. At a certain distance from the Nile, with a good system of distribution, 
the raising of water may be dispensed with for nearly the whole year, because it reaches the same 
level as the soil, but farther the lands are too low, and they are in danger of being damaged by 
the overflow and inlittration of the water above. 

The total area of cultivaled laud in the eastern provinces 18 455,000 hectares. There would be 
needed for summer irrigation, under favorable couditious, according to approved estimates, 275 
milliliters per hectare to insure for these provinces a constant supply of 12 cubic meters per sec 
ond. Now, according to official reports, the quantity of water furnished during low water, which 
was 100 cubic meters in 1880 and 81 cubic meters in 1881, was only 66 cubic meters in 1882, a year 
of disorder for Egypt, during which the work of dredging was badly executed. It is seen by this 
how the results of a bad adminiNtration are felt and affect quickly the prosperity of the country, 
and how fragile is a system of irrigation which can not stand, without great damage, a single year 
of neglect. Ciince IS82 a larger discharge, exceeding perhaps tbe 125 cubic meters necessary, has 
been given this region, but unhappily this volume is badly distributed on account of the difficulty 
met with in supplying the canals siluated to the northward. It results that certain lauds have not 
been cultivated, some because they were too dry and others because they were injured. 

To assure under good conditions the watering for summer and winter in these provinces it is 
neci ssary to remove annually enormous volumes of earth. There are in fact public works, includ- 
ing tbe strengthening of the bank and dikes, to be executed in these provinces each year of about 
6,000,000 cubic meters of earthwork, or more than 13 cubic meters per hectare. This volume may 
perhaps have been diminished in late years by the improvement adapted for the distribution of 
water. Still the annual expenses of tbe care of the canals and dikes of this whole region is esti- 
mated at 2,GOO,0(iO francs, which represents an expenditure of about 5.70 francs per cultivated 
hectare. 

IV. PaOVIROBS OF THE Cbnteb. 



Until last year the irrigation of tbe province comprised between the two branches of the Nile 
was acoomplisheil by means of live principal canals, each having an iulet from the Nile. 

Tbe Rayah Menoulich, much tbe most important, with an iulet above the great dam at the 
apex of the Delta ; the Bahr Chibine, tbe HI Atef canal, the Hadniouieh canal, tbe Sahel canal. 

The four last have their inlets upon tbe Damietta arm between the fiftieth and sixtieth kilo- 
meter below tbe dam. To day, during low water, all tbe irrigation water of these provinces is 
furnished by the Riiyah Menoutleh and by tbe Hadraouieh canal, all the great canals having been 
placed in comnmnication with the Rayah Meuoufieh, and their outlets from the Nile having been 
closed. The Hadraouieh canal will also, according to present projects, be connected with the 
Rayah Meoonfieh, which will then provide all the irrigation for the region comprised between the 
two arms of the Nile. At tbe time of autumn crops it will doubtless always be necessary, at least 
for some time yet, to have recourse to the canals along the Nile, as it has been shown that at 
this ei>och the discbarge of tbe canals should be for several days equal to four or five times what 
it is during low water. 

The priucipal canals thus have their inlets in the southern portion of tbe Delta, consequently, 
their directiou being irom south to north, they form a fan between the Kosetta and Damietta arms. 
The gre^ater part of the most impoi'taut canals of this region are uotbing but ancient arms of the 
Nile, and notably the Bahr Obibiue, which occupies the bed of tbe Sebennitic arm. 

The Rayah Meuonfieb is a wide canal; ita iulet is wmposed of six arches of 4.16 meter open- 
ings, closed by stop-planks, aud a lock 15 meters wide. The apron is 9.75 meters above the sea- 
level, and the total width of the bed varies from 50 to 55 meters, with a pool at the dam of tbe 
Bosetta arm of 3 meters (13 meters above tbe sea-level); this canal has a discharge of nearly 115 
cubic meters per second. 

The Rayah Meuoufieb trends towanls the north, approaching at first tbe Damietta arm ; some 
secondary canals branch from it for the irrigation of tbe high lauds situated between it and tbe 



lERIOATION IN EGYPT. 



63 



BoBetta branch. About tbe twenty secoud kilometer it feedB two brancbe^, the SersaoDieh and 
the BagourJeb, which flow toward the northwest; the Meuoufieh then meets the Bahr Chihjne, 
aud contiunes aa far as the El Atef caiiiil; then, by means of a derivHtion which crosses the 
Hadraoaich canal, by menus of ciitveits, it takes the water to the Babel, a canal designeil to \rtitur 
the high lands bordericg the Damietta arm. 

The Bagourieh and the Sassaotiieh are more especially designed for watering the lands sita- 
ated towards the east, aud the Balir Chibiue, by itjwlf or its brauches, waters the middle region. 
All these canals, or their ramifications, reach Lake Boiirlos, where tliey empty their siirphis water, 
with the esceptiou of the Bahr Chibioe, which empties directly into the sea, and the canala Ritiiat«d 
between the Bahr Chibiue aud the Datuit-tta arm, whose surplus water is discharged iuto the Bahr 
Chibiue itself or returned to the Nile opposite Damietta. 

In all this region of the Delta, where a dike can only be built by making a borrow pit tu the 
neighlwring soil, they often ntilize as irrigation canals tho trenches which were necessary all 
along the railroad to push forward the establish uieut of the roadway. This occurs notably for 
the greater part of the lower line of the Sahel canal. 

The area of the lauds at present cultivated in this part of the Delta being 500,000 hectares, 
without couutiug the marshy region, the littoral dunes, aud Lake Bourlas, the quantity of water 
necessary to be supplied at low water is 13S cubic meters per second, but so large a quantity of 
water has not jet been supplied. 

Without counting the work of cleariug the trenches and small canals which eouceni only indi- 
viduals, 6,300,000 cubic meters has been estimat^id, siuce several years, as about the total annual 
amount of eaith-wurk to be executed by tbe coreee to repair the canals aud dikes of the provinces 
of the center of tho Delta, or 13.00 cubic meters per hectare. Efforts have frequently been made 
of late years to reduce this volume, aud to-day the auuual expenditure is estimated at 1,600,000 
francs simply for these repairs, or 3.20 francs per hectare. This amount is not relatively great 
when conipiired with that shown for the other parts of Egypt. This result has been obtnineil by 
the suppression of must of the direct iulets from the Xilc, which was accomplished by joiniug all 
the great ciuals to the Bayah Meuoufieh, aud by establishing a judicious system of distribution, 
cousistiug iu never allowing the muddy water to remain iu certain pools with low velocity; the 
amount of deposit has been much reiluced. Another ingenious method has given very good results 
in decreasing dredging. The Itayah Meuoufieh feeds on its left bank, at about the fifth kilometer, 
the Xaggar cuual, from which a short distance from its mouth brauches tho Om-el-Sebel, then 
about the tenth kilometer it supplies the Xauioh canal.* There three secondary canals run iilmost 
parallel in a northwesterly direction aud reunite, after a course of about 25 kilometers, nut far 
from the Rosetta arm. Formerly, to irrigate the riparian lauds, which are very high during flood, 
they closed the gates, situated a little below the mouth of these three canals; this caused the water 
remaining in the upper jkioI to settle and deposit here aniuially a total volume of 900,000 cubic 
meters of mud. Mr. Willcocks, iuspi-ctor of the Delta irrigation, conceived tbe idea of establishiug 
ni.on each bank of the canals a small parallel canal of little depth, having its inlet on the Rayah 
Meuoufieh and teruiiuatiug at nearly the same level as the first regulating work of each canal. 
tTnder these conditions, at the moment when the height of the flood was sufficieut to give water 
to the lands, they partially opened the first regulator of the three deep canals so that a current 
of red water was established and Uowed at the level of the lands situaied below these regulators. 
For the lands situated above these regulating works they use small canals of little depth, from 
which the deposits of mud which are formed are easily removed at small cost. A drainage canal 
also permits the retuw to the Nile of tho surplus of muddy water which circulates thus, with- 
out diminution of velocity, iu the three canals of Kaggar, Om-el tieltel, and iN'anaieh. By this 
arrangement the volume of dretlging has been reduced from 900,000 to 2^10,000 cubic meters, 
and a saving of more than two-thirds effected. The execution at small cost of canals of this 
kind, whose cross-sections and lengths are naturally very limited, afibrds thus a great relief to 
agriculture. 

•SeePloteXir, Fig. 3. 
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v. Rkgion op the West, oe Peovince of Beheea.* 

The region sitaated to the west of the Bosctta arm, which furiiis the proviuce of Behera, ia 
the least importaut of the three portions of the Delta; in fact it contains only 1%,(M)0 hectares of 
land now oaItivai>le. It comprises, on the sontli, a narrow strip of land whoso width does not 
exceed 3 to 4 kiloiueterij, and is often considera hly less, exteodiiig along the Nile, below the dam, 
for about TO kilometers. To the north the cnltivat«d lauds spread in a triangle bounded ou the 
west hy the desert, on the east by the Nile, and on the north by tbe sea, or rather by Lakes 
Mariont and Edkou, which form a girdle along the sea-shore. 

The irrigation of the province of Behera is effected nnder very special oonditioas. At the 
period of cultivation by basins the lands were iunndated by a number of shallow canals arranged 
along the left banks of the Nile and trending in a westerly direction. When watering was intro- 
duced into the country a caual, called the Katatbeh, was dug with an iulet from the Nile, about 
40 kilometers below the position of the dam, crossing the province from one end to another and 
cutting all the iunndation canals, to which it was in fnture to furnish water during low stage and 
during flootl. 

At the same time, to furnish fresh water to Alexandria, and to connect it with the Kile by a 
navigable water-way, the Mahmondieh caual, having its inlet at Atfeh at the two hundred and 
tenth kilometer of the Rosetta arm, wiis opened. It was suffieieritly low to be able to have water 
the whole year, and follows a general direction from east to west This canal receives through- 
out its course the surplus water of the Katatbeh. 

Some years later, about 1850, the inlet of Atfeb was closed by deposits of mud, and the canal 
itself was partially Ailed up. As they had great difficulty, with the means of working then |>os- 
ecssed by the country, in maintaining, by dredging, the bottom at its proper level, they deter- 
mined to raise the water into the Mahmondieh by steam-pumps e»)tablished on the banks of the 
Nile itself. 

Very soon the extension of summer crops compelled the insurance of more regular discharge 
for the Katatbeh, and first made the necessity felt for the distribution of the water for irrigation 
at a higher level. They then moved the iulet of this canal 40 meters up-stream to a point above 
the great dam. The Dew channel thus constructed, between the old mouth of the Katatbeh and 
the dam, is called the Rayah Behera, 

Unfortunately, the Rayah Behera is established for a great part in the desert, whose sands 
encroach on it; it is also dug in a very movable soil, so that it requires every year enormous dredg- 
ing. As the province is too small, alreatly overburdened with other works, to have such consider- 
able earth-works imposed on it, recourse was had to aid it to the contingents of the corpse furnished 
by other provinces. On the other hand, with the low pools obtained by the dam, this canal was 
not capable of giving a sufficient supply for all the crops of the regiou. This stJite of affairs could 
not last, and in 1880 they allowed the Rayah Behera to be filled «p, and arranged steam-pumps 
near the old inlet of the Katatbeh so as to furnish this canal alt the water needed at low water 
and at a sufficiently high level for the crops on the lands situated on the banks of the Nile. At the 
same time, the summer crops having been developed aloug the Mahmondieh canal, they increased 
the machines established at Atfeh. All the water of the province of Behera could thus be pro- 
vided, during low water, by the establishments of Atfeh and Katatbeh, and by numerous special 
machines established along the banks of the river. The projects now in course of execution have 
caused the irrigation of this province to enter a new phase. In fact, as soon as the work of fin- 
ishing and strengthening the great dam is completed, so as to obtain a sufficient damming^f the 
Nile water, it is the intention to re-establish the Kayah Behera by the employment of dredging- 
machiues, if necessary, for the excavation and repairs, and to use it to supply all the region of the 
west Delta; the elevating machines established at the head of Katatbeh and Mahmondieh may 
then be dispensed with. 

For the moment these hydraulic machines constitute the principal point of interest in the 
irrigation of the province; they are probably the most powerful plants in the world employed for 
raising water for irrigation. 

•See Plater?. 
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Rayafi Bekera. — The inlet of the Rayah is a few meters above the great dam ; it is provided 
with a masonry work having 21.20 meters of clear openings; the levelof the apron is at the 8.85- 
meter mark, or 6S centimeters above the level of the apron of the great dam. 

The length of the canal is 42 kilometers from its heailtothe Katatbeh. luthooriginul profile 
the width at bottom was 20 meters, ami the slopes were 2 base to 1 vertical, except in sandy 
portions the mean slope was 10 centimeters per kilometer. Bnt, time and again abandoned and 
replaced in service, this canul ia now almost filled up for the greater part of its course. 

What renders the keeping op of the Rayah Behera specially difficult, at least iu its upper por- 
tion, is that the banks, which are here of sand, degrade under the action of the current, and their 
falling iu fills up the bed; this efiect is much more mstrked, since every year it is necessary to 
throw iuto the canal, dnring flood, considerable quantities of water, for, having cut otf the reflux 
of the inundation basins of the province of Giuzeh from the Nile, which used to enter below the 
dam, it serves now as a drain for these basins, and their drainage water assumes bere a velocity 
much greater than obtained iu the pools, all atoug the Rayah, its slope being relatively strong. 
It was hoped that by keeping here, during the entire floo<I, a rapid current of water, these deposits 
might be carried away, bni up to the present this has not succeeded, and the crumbling of the 
banks has continued to raise the bottom. To replace the Bayah in service, it will be necessary to 
excavate anew for the greater part of its length. According to the present projects the level of 
the sill of the inlet will be held at 10.60 meters, the slope at 75 mdllmetcrs per kilometer, and the 
width at the bottom at 16 meters. We might cite, among the causes for the filling up of the canal, 
the wind of the desert which drifts the sands, but this is but a secondary cause and certainly does 
not produce a fill of more than 10 centimeters per year in the places where it blows most. 

Under the conditions in which the Rayah Behera was found before the erection of the Katatbeh 
machines, the minister of public works estimated the volume of annual deposit to be removed, at 
800,000 cubic meters, and iu spite of this enormous quantity of work, the discharge at low water 
would hardly reach 10 cubic meters per second. 

Katatbeh canal. — The Katatbeh canal, which forms a continuation of the Rayah Behera, bas it« 
inlet atwnt 40 kilometers below the dam. Before the installation of the eleviiting- machines, which 
to-day supply this caual, the work at the head was formed by a bridge dam of masonry of five 
arches of 4 meter openings. 

This canal has a mean width at its head of 20 meters at bottom; it is 123 kilometers in total 
length from ita head to the Mahmoudieh canal, into which it empties ; it follows at first the Bosetta 
arm until about the eightieth kilometer and turns then abruptly towards the west ; it snpplies all 
the canals with water which trend toward the boundary of the desert of the west, and which empty 
their waters into Lake Mariout. Several bridge-dams are established along the Katatbeh canal 
to focititate the distribution of water. 

The Katatbeh canal, which, as has been said above, was formerly only fe<l by its inlet, was 
afterward fed by the Rayah Behera at low water, for this later, the elevating-machines were sub- 
stituted, but to-day in reality the water is provided partly at the inlet and partly by the Bayah 
Behera, and during flood it is placed today, as formerly, iu direct communication with the Nile 
by the work at its head. 

Mahmoudith canal. — This caual has its head at a point situated very low on the Nile, at Atfeh, 
56 kilometers from the mouth of the Bosetta arm. At this place the level of low water is often 
as low as 13 centimeters above the sea, and the level of the flood is 3.80 merers, the level of the 
soil being about 3 meters. The length of the caual being 77.50 kilometers from Atfeh to the sea 
at Alexandria, we see that the slope of the canal when it was fed directly by the Nile water wns 
insignificant, at least during low water. Linant do Bellefonds claims tbat this canal was thus 
BNtablished with almost no slope, and that the head was placed thus near the month of the river 
because it was desired to allow the water in the canal a free course without locks, while with a 
more decided slope bridge-dams and locks would have been needed to facilitate watering and nav- 
igation. Naturally this solution produced all sorts of inconveniences, and especially very consid- 
erable deposits, whose removal became in time more difficult and costly. 

To supply such a canal during low water and provide fresh water for Alexandria in a satis- 
fitctory manner they had transformed a large low area near Atfeh into a reservoir by means of 
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earthen dikes. This vas filled dariug flood auil emptied gradually into the canal daring low-vater 
seaeon, the canal iulet being then closed. Since nt this e|>och there was no lock at this locality, 
they were always obliged to transfer freight troin above and below the work at the head. In l&i2 
a double lock was built at Atfeh, one 12 uieturs wide, the otlier 8.50 meters wide. Tlie apron ot 
the Atfeb lock is beld at the 1.37 meter mark tind that of the Alexandria lock is held at l.lHI-meter 
mark, a difference of only .53 centimeter between the two. 

At this epoch the Mahruoitdieh only received water during low water from the Katatbeh, 
whose inlet is 170 kilometers above. Formerly tbe summer crops were very little developed along 
the Mahmoudieh camtl, aitd it was hardly necessary to irrigate iu this region more than 2,0U0 hec- 
tares. It is no longer so to day ; this canal wat«ra almost 70,000 hectares and more than three 
buudred and thirty outlets are scattered along it^ banks. 

To conform to these new conditions and supplement an insufficient supply obtained from the 
Katatbeb, since 1850, Said Pasha established at Atfeh elevntiug-machines capable of raising 
800,000 meters of water in twenty-foor hours to a height of 2.50 meters. These machines work 
nearly one hundred and fifty days yearly. During high water the supply is taken directly from 
the Nile. 

In consequence of the maladministration of the country and the neglect of the agents of tbe 
Government, the canal lacked little of being again filled with mud, and in 1870 it was necessary to 
remove by contract 2,000,000 cubic meters of mud. These large deposits resulted in part from the 
lack of longitudinal slope and partly from the large deposits produced at the point of Junction with 
the Katatbeh. 

At present tbe type-profile of the Mahmoudieh canal has been fixed at 20 meters width at 
bottom, irith slopes of 2 base to 1 vertical as a maximum, with a banquette of 4 meters, 50 
centimeters above low water. The depth below the plane of low water was held at 2.C0 meters, 
the level of high water reaching 4 meters. The level of the bottom being, at tbe bead, 50 centi- 
meters above the apron of the Atfeh lock, and that of tbe lower end being 69 centimeters above 
tbe apron of the Alexandria lock, the total slope was 34 centimeters; the pool of the Alexandria 
lock was 1,39 meters and that of the Atfeh lock was 1.50 meters at low water, 

For the last five years, the discharge of the machines at Atfeh having been increased, the theo- 
retical depth of water at low water is 2.90 meters, but it has rarely attained this level because it 
bas not been possible, up to the present, to regulate tbe outlets established along the canal, and 
because individuals often consume water out of proportion to their nce<Is. 

The plan of the Mahmoudieh could not be more defective, and shows the condition under 
which it was built. According to Linant de Bellefonds, this canal was built by tbe men of tbe 
corv6e, whose number went as high aa 350,000, who came upon the ground and began to work 
before the plan was oven staked out. Bach contingent began thus to dig at the locality where it 
found itself, in a direction roughly indicated on the ground. Naturally the lines adopted by each 
gang of workmen formed a broken bue, which it was necessary to bring together by nnmerons 
and sharp elbows. The canal also cro3se.s low and marshy lands, in which tbe embankments were 
very difficult, notably at tbe crossing of Lake Abonkir, where for 10 to 12 kilometers it was neces- 
sary to sustain the banks by masonry walls ; in addition, on leaving Atfeb, to avoid Lake Edkou, 
it was necessary to trend towards the soulh instead of directly towards Alexandria. 

Under present conditions the Mahmoudieh canal requires each year fty)ra 200,000 to 300,000 
cubic meters of dredging. 

Eleeatingmachineaof Atfek and Kalatbeh.' — The elevating- machines, whiob serve for irrigation 
in the province of Bebera can only bo compared in importance with the magni ficent establishments 
which are used for elevating the water of the great polders and drained lakes in Holland. 

It was in 1880 that the Egyptian Government determined to establish these large plants for 
irrigation. This was not to be an isolated experiment, but a system which it was proposed to 
extend over a greater part of Lower Egypt, and which had for its first object the supply, during 
low water, of all the pnncipal existing canals by means of machines established at their inlets, 
and as a result the suppression of canals of great depths. Although this method was costly, and 

* See Platea XVI aad XVII. 
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B than a Bj'stem of irrigation based on the complete utilizatioD of the great 
dam of the Delta, ami tiie distributiou of the water iu tbe proTioces of the east, center, and west 
by three great derivations from the dam, the Government was induced to study it and applj' it, partly 
for many i-easons dae at the same time to tbe Suanuial situation and tbe feeling of tlie country. 
In the first place, the work of tlj^ dam had fallen into discredit, and' on tbe other band tbe possi- 
bility of its completion had encountered many skeptics, and caused such an enterprise to become 
problematical ; also the little confidence which could be placed iu the oflicial resources andi spirit 
of perseverance of Egypt, overloaded by debt, rendered doubtful the proi>er execution of this 
work. It might in fiict be doubted whether this country, under the existing conditions, could 
complete so considerable a work, comprising not only the completion of the dam but the digging 
or adaptation of tbe other watering canals and their connections with these great arteries, the 
construotion of indispensable drainage canals, and all the iicceasory works, foreseen or unforeseen, 
which result from a complete change iu the hydraulic regimen of a region, At this time people 
acquainted with the country, and among others Rousseau Pasha, under Secretary of State for 
Public Works, recoiling before tbe difficulties which a complete execution of such work met with, 
undertook tbe system of irrigation by machines, which had the advantage of doing way with the 
heavy work of dredging to great depths, which was necessary every year, at the inlets of the 
principal canals; the atlvantage of insuring quickly a normal discharge to tbe canals by giving 
to companies the privilege of the elevating-machines, paying only for the first outlay in a certain 
number of years; tbe advantage of changing as little as possible the actual arrangements for 
irrigation, so as not to alarm tbe farmers, who always have a great dread of any raising whatever 
of water, on account of tbe infiltration and saline alterations of the soil which follows. Moreover, it 
should be added that tbe financial resources of tbe ministry of public works did not i>ermit, except 
for the three great canals of Ibrahtmieb, Ismailieh, and Mahmoudieb, the esecution of dredging 
by contract or with dredging-machines, and it was comi)elled for all these works, and even for 
deep dredging, to have recourse to tbe manual labor of tbe corv/ic, which was becoming very diffi- 
cult to recruit under tbe influence of the more benignant and humane ideas introduced by 
Europeans into Egypt. Besides it was very desirable to give by tbe quickest methods the regular 
normal watering to the diflejent provinces, doing away with the laborious work of dredging the 
deep canals. 

The difBculties of maintenance were very great in the province of Behera on account of the 
length of the principal canals and the scarcity of labor; it was here that the first elevating plaut 
was installed. It was proposed to erect new ones for tho watering of the nortliern part of the 
province of Dakablieh when the events of ISS'J led to the intervention of England in the affairs 
of the country. 

Tbe English engineers, following the practice of irrigation in India, then took in hand the 
administration of this service in Egypt, and the new resources were placed in the hands of tbe 
ministry of public works, both for tbe execution of the new works and to allow the substitution 
of the contract system for tlie system of corvee. This made it possible to undertake a complete 
project for the utilization of the great dam and for abandoning, at least for tbe greater part of 
Lower Egypt, tbe system of irrigation by machiDes which is now confined to tbe province of Bebcra. 

A contract was made May 11, 1881, with a company represented by Mr, Ed. Easton, an 
English engineer, to supply by means of steam-jtumps tbe Mabmondich canal at Atfeh and tbe 
Eatatbeh at its inlet. Tbe undertaking comprised first, the extension and, if necessary, the trans- 
formadon of tbe old plant, which had been established at Atfeh by Said Pasha to cnrry water to 
the Mahmoudieb during low water; second, tbe erection of a plaut and its accessories at the 
mouth of the Katatbeh. 

The principal agreements of this contract were as follows : 

Tbe water was to be raised from tbe Nile — 

At Atfeh to a height of 2.90 meters above the level of the sea, or to a maximum height of 2,75 
meters above tbe lowest stage of tbe Nile (the level of tbe neighboring land is 3 meters); 

At Katatbeh to a level of 9.50 meters, or 3 meters at most above the low-water stage of the 
Nile (the level of the riparian lands being 13 meters). 
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The disclLarge of each of these establishments was to be 1,500,000 cabic meters in twenty- 
four honrs. 

In 1883 the company had not yet coiupieteil its work on account of the disappointments met 
with iu the use of the machines of the Katatbeh. The Government theu perceiving, after the 
suppression of the Kayah Betiera and when all the water for|he province woukl be furnished 
by the machines at Atfeh and Katatbeh atone, that a discharge of 3,000,000 cubic meters would 
not be suflicieut, es))ecial]y since the amount of cultivated ground had been much increased on 
the aide of the desert, a new contract was entered into with the same company to place its elevating- 
machines in a condition to raise at Atfeh 2,500,000 cubic meters and at Katatbeh 2,500,000 cubic 
meters in twenty-four hours. 

At Atfeh the plant has been working since 1SS5, but at the Katatbeh it was not until 1886 
that the pumps were able to deliver regularly the re(|uired discharge. 

The date of starting the pumps is flxed each year by the ministry of public works according 
to the level of the Nile water, but the normal dates stipulated in the contract are February 5 for 
the Mahmoudieh and April 15 for the Katatbeh. 

A heavy fine, as high as 20,000 francs, can be im^josed on the eouipany for a total stoppage 
of one day of one of the establishments 

The Egyptian Government pays the Society of Behera — 

First. An annual fixed sum of 681,300 francs, representing the interest on the capital invested 
and the general expenses independent of the working of the machines. 

Second. A sum of 72S francs per million cubic meters raised at Atfeh and 1,092 francs per 
million cubic meters raised at the Katatbeh. 

In order to make comparison with other countries it must be understood that the price of coal 
delivered at the pumps was 40 francs per ton on the average at the time of signing the contracts. 
The society has the right of raisiug water for a period of thirty-five years. The Government 
has the right to buy back this coucessiou on certain conditions at any time after the twentieth 
year. 

Such are the general conditions under which the society furnishes water to the Mahmoudieh 
and Katatbeh caiials. As soon as the conceasion was obtained in 1830 Mr. Easton immediately 
begau the works of installation at Katatbeh as follows : 

First. A feeder canal, 35 meters wide at the bottom, about 80 meters long, between the Nile 
and the plant. 

Second. An inlet work formed of tliree masonry arches of 7-meter openings, closed by means 
of iron gates, whose apron is 1.50 meters below the lowest water of the Nile. 

Third. A discharge canal, 20 meters wide at the bottom and 50U meters long, between the 
plant and the Katatbeh canal. 

Fourth. A reservoir, between the inlet work and the discharge canal, containing the elevating- 
machines. 

Fifth. The plant and its accessories. 

The elevating- machines were composed originally of ten enormous sheet-iron Archimediao 
screws, i meters in diameter and 12 meters long. These ten screws, arranged parallel, were moved 
by a shaft 50 meters long, actuated at one of its extremities by a compound vertical engine of the 
marine type. This project, badly conceived, badly elaborated, and badly esecated, gave deplora- 
ble results. From the first day the screws broke and the plant was stopi>ed. 

After several futile efiorts to repair this disaster the society, finding itself obliged by its new 
contract to furnish a larger quantity of water than was at first eii>ected, took radicid measures 
and decided to change completely the adopted system, and gave the house of Forcat, of Saint- 
Ouen, an order for new machines, requiring them to use as much as [lossible tlie inlet and old 
foundation in the installation of the new plant. 

The plant is composed now of fire horizontal engines, each moving directly, without interme- 
diate mechanism, centrifugal pumps with vertical shafts. The engines are steam -jacketed, com- 
pouud, condensing; the cylinders are 1 meter in diameter, and the piston has a stroke of 1.80 me- 
ters. The vertical shaft has a horizontal crank on its upper end, the wrist receiviug the action of 
the connecting-rod. 
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A By-wheel weighiug 22 tons is keyed to this shaft, which carries lower down the wiog-wbee! 
of the rotary paiup. The toe for the vertical shaft is arranged oatside of the water takeu for the 
turbines. 

The sQctioQ of the pninps is 2.10 meters in diameter and the wing-wheel measares 4 met«ra 
over all, having a height of 2 meters. The suctioo-pipo is bell shaped and placed below the level 
of the water. The wiugwheel pushes the water towards the exterior into an annular receptacle 
which sarrounds the wheel and is supported by three cast-iron ^li liars ui)nn an aprou. This annu- 
lar ring is prolonged to the discharge- pipe, at first curved to the shape of a siphon, to preserve 
the priming, and theu increasing in section in order to 6t the masonry conduit which lets the 
water into the feeder canal. 

Wheu it is desired to start the machine, friction is prodnoed on the toe of the vertical shaft 
and necessitates a special method of lubrication. This vertical shaft, about 8 meters long, carrying 
a crank, fly wheel, wing- wheel, and the weight of the water raised, causes a pressure at the toe of 
about 50 tons. In order to diminish the friction, and to transmit the weight between the extremity 
of the shaft audits step platvii, five disks are made use of, 220 millimeters in diameter, two of 
hardest steel and throe of hard bronze, leuticular in form, with surfaces alternately concave and 
convex. The upper disk is made fast to the turning shaft and moves with it, the following only 
lakes part of the motion, the third receives still leas, and so on to the last, which is fixed to the 
step. These disks are inclosed in a cast-iron Ijos filled with oil, but this did not permeate to the 
center of the disks and beated rapidly. To remedy this defect an arrangement inventwi by M. 
Vigreao, professor in the Central School of Arts and Manufactures, was employed. It consists in 
establishing around the pivot a continuous cnrrent of oil. The cold oil comes through the axis of 
the disks and drives out the hot oil into a tube, which descends to the Nile ; here it is recooletl in 
a worm and is raised by a pump to the roof of the establishment, whence it retnma by its own 
weight to the pivot. 

This system is now used for three of the machines. For the other two M. Foroat has adopted 
a similar airangeroent for circulating the oil, bat in this the movement is given the oil by a small 
rotary pump connected with the pivot itself; the oil is cooled in a refrigerator turning with the 
pivot, into which cold water is injected by a pump, also Inmiug with the shaft. This method seems 
a little complicated. 

These centrifugal machines are boldly conceived, bat they have not been in use long enough 
to determine their advantages or defects. 

These centrifugal machines work with a mean speed of thirty-five revotntions per minute and 
a maximum of JO revolutions. They are capable of discharging 7 cubic meters per second. 

To these five pumps, are added as a reserve, three of the large Archimedian screws originally 
used; these screws have been carefully strengthened. The upper ends of the axes are held by 
collars, and the lower rest iu sockets; also the bodies of the screws are supported at their middle 
point by means of radial braces. Each of these screws can discbarge 2 cubic meters per second. 
They are actuated by a compound vertical engine of the marine type. 

The total capacity of the plant is, then, more than 40 cubic meters per second, or about 3,500,000 
cubic meters iu twenty-four hours ; the total effective horse-power of the machine is 3,500, 

The steam is furnished by a battery of eleven tubular boilers, three of which, furnished by 
the CreuBot shops, have a heating surface of 190 square meters, and the other eight, of the Forcat 
pattern, have each a heating surface of 175 square meters. 

At Atfeh the conditions were very different. In the first place, the height to be overcome 
was less ; besides, it was necessary to use, as much as iwsaible, the old plant. M, Boghos Pasha 
Nnbar, a director of the contracting company, ordered the machines for this plant i>om M. Ferey 
d'Essonne. 

At Atfeh the plant is composed of eight large Sagebieu wheels, 3. GO meters wide and 10 meters 
in diameter, raising the water to a maximum height of about 2.00 meters, ea«h having a possible 
discharge of 40O,0tH> to 500,000 cubic meters iu twenty-four hours. Four uf these wheels are placed 
iu the old government pump building. They are worked by the four old engines which formerly 
worked the Archimediau screws. These engines, with walking beams and vertical guides built 
by the English firm of Forester, have one cylinder; the steam system was modified and they were 
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cLanged to enginea of the Wolf t.vi>e by the addition of extra cylinders. Their performaDce was 
in this way inueli improved. 

The other fonr wheels are arranged in another building and moved by compound engines of 
the tnariue type, which were originally set up ai Katatueh to move the Archimedian serews. 

Steam is furtiished by a battery uf ten tubular boilers, each with a heating surface of 190 
square meters. 

The greatest power which th? iilant has t>een able to develop is 1,250 horse-power in water 
raised. 

At Atfeb the plant ia located ou the left bank of the Mahmoudieh canal at the height of the 
loch at the mouth. 

The feeder canal, 170 meters long, is 31) meters wide at its mouth with an inlet work of two 
arches of 8 meters aud one of 5 meters, closed by iron gates. The level of the apron of this work 
is at the 90-centimeter mark, below the sea. 

The discharge canal, 90 meters long, is 26 meters wide at the bottom. It empties into the 
Mahmoudieb canal by a work crossing under thl^ canal embaukmente, composed of live arches of 
4 meters. The height of the canal bottom is 1. 1^0 meters above tho sea-level. 

After the Rayah Behera was absolutely abolished aud the province supplied solely by the 
machines of Atfeh aud Katatbeb, it would very probably be necessary most frequently to begin 
working the machines before the normal dates, fixed by contract as Fcbniary 5 aud April 15 for 
each plant respectively; more especially since bj the liennetical closing of tho great dam the 
discharge of the Damietta arm has been diminished ; besides, as the machines should work until 
the flood is sufiiciently high, and as they hardly ever can be stopped ou this account before the 
end of July, it is necessary to calculate ou two hundred days* annual work at Atfeh and one hundred 
aud fifty at the Katatbeh. 

Under these conditions the irrigation of the provinces comes to alK>nt 1,400,000 francs. As 
the cultivable surface is 19<),000 hectares, this gives an expenditure of 7 francs 10 centimes per 
hectare, not counting the necessary cleaning of the canals and strengthening of the dikes and other 
earth-work, uhicb would amount to nearly two-thirds of the same sum. Thus we have au annual 
expenditure of 11.80 francs per hectare — a very considerable sum. 

Bat, up to the present, the Kayah has always contrihnled in a certain measure to the irrigation 
of the province. Thus, according to official reports, in 1880, 1881; 1882, and 1883 the daily receipts 
of water for this region were estimated at 2,000,000 cubic meters at low water, wjiich corresponds 
to a continuous discbarge of 23 cubic meters per second. These receipts were divided as follows: 

Cabio mstsn. 

HajaL Behera 1,300,000 

Atrfeh mactiinSB , 700,000 

Total 2,000,000 

In 18S4 the daily receipts were 4,500,000 cabic meters, divided thus : 

Cubic melan. 

HachiDeaof lUtAtbeh and Atfeh 2,500,000 

Kajah Behera 1,500,000 

Total 4,000,000 

This corresponds to a contionous discharge of 40 cubic meters. 

In 1885 the daily receipts were -1,350,000 cubic meters, divided as follows : 

Uatric mclcn. 

Atfeh maohinea ■- 700,000 

Ratattmh maobinea 1,500,000 

Bayah Behera l,6.'i0,D00 

Total 3,850,000 

In these amounts are not iuclnded the volumes elevated by the few individual machines which 

are still worked along the Nile. 

In 1880, 1881, and 1882, including the dredging of the Mahmoudieh, the mean annual volume 

executed was estimated as 1,800,000 meters for the repair of the canals aud dikes of the province 
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of Bebera. This amoants to almost 10 cabic meters per cultivRble hectare. This amoQDt of esrtlt- 
work baTJDg been for the most part executed liy cttrvie, it is difficult lo estimate its actual expense. 
To this expeuditure it is necessary to add the amount paid by the GoTerDment for the elevation of 
700,000 cubic meters of water daily at Atfeh, in order to obtain the total cost of irrigatbn per 
hectare. 

With the present system of distribntiug water and repairing the canals by contract the annual 
expense for the repair of canals and dikes in Behera is placed at 1,250,000 francs; in addition, the 
mean snm paid in 1SS4 and 1885 to the Irrigation Society for raising water was 750,000 francs; 
therefore the total annual expenditure, under the conditions of 138-1 and 1885, was 2,000,000 franca, 
or 10.20 francs per cultivable hectare. This is a high price compared with other provinces. 

In 1884 and 1885 the almost hermetical closure of the great dnm of the Delta, on the Roaetta 
arm, lowered considerably the level of the water on this branch. As a couseqneuce, low water at 
Katatbeh was lower than it had ever been imagined before. It is necessary, to allow the pumps 
to be fed, to bnild below the inlet a temporary dam similar to those already mentioned for the 
provinces of the east. This dam of earth, sacks, rough brick and stone, raised the level of the 
water 50 centimeters ; which was sufficient. 

Moreover, in 1884, the sea- water, owing to this diminution of dischnrge, reached as high up as 
Atfeh, so that the pumps on several occasions sent salt water to Alexandria and the city of Bosetta, 
and the entire cultivable territory comprised between Kosetta and Atfeh was deprived of fresh 
water. To remedy this inconvenience there was built across the Nile, below Kosetta, an earthen 
dike 430 meters long, with a channel cut through it 70 meters wide, bounder! on bolh sides by pile- 
dikes. Tbe depth of the bed at this point varied from 2 to 5 meters. The rise thus obtained wa« 
sufficient to prevent the sea- water from backing np the river. 

Since then a special canal has been coustracted from the Mahmoudieb, near Atfeh, following 
tbe Kile dikes as far as Bosetta, about 30 kilometers long, designed on tbe one hand to assare a 
supply of fresh water for this city, and on tbe other to irrigate tbe low lands along it« course. But 
since the great dam of the Eosetta arm has been kept closed during low water, and tbe Rayah 
Behera has not been put in condition to supply by itself the province without recourse to the Atfeh 
and Eatatbeh pumps, it has been necessary every year to rebuild at great expense the temporary 
works across the Nile. 

To obtain the cost of restoring irrigation to the province of Behera during tbe ])eriod of 
transformation, when neither the Bayah nor pnmi»s can be fully utilized, it i» necessary to add to 
the amounts already mentioned above the cost of bnilding these temporary works, or 340,000 francs, 
which give an addition of 1.60 francs per cnltivated hectare. 
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CONSTRUCTION AND. REPAIRS OF CANALS, DIKES, AND WORKS OP SKILL. 

S OF SEILL-BXFSS8B OF REFAIBS- 



I. General Oonsidebations. 

When we consider the condition of Egypt, where all works of still are bnilt on allavial soil, 
rerj compressible, where all the canals are dug in the mud, whore all the dikes are formed of soil 
easily degraded, where the fertilizing wat«r carries with it every year a great quantity of material 
in saspenBinn ; finally, where tbe Nile flows in :i bed natnrally movable, it is readily seen bow im- 
portant to the prosperity of the country is the continual and regular repair of all the irrigation 
works, and at the same time how costly this repair must be. For the execution of all these works 
there was needed iu the bauds of the Goverument a powerful instrument, independent of financial 
resources and revenue, more or less difficult to collect. This instrumeut was found in the corvie; 
that is to say, the obligation imposed on all the inhabitants of the country to labor gratuitously on 
the works designed to insure tbe irrigation of the land. Thus each year large gangs of unpaid ' 
laborers were drafted from their villages to strengthen and clean out tbe dikes and canals. Nat- 
urally such removal of men was not accomplished without cruelty and arbitrary action, and the 
lash was the great auxiliary of the functionaries charged with assembling the cortie for work. 
Under the influence of more benignant methods and |*rogressive ideas, which Europeans have 
introduced into Egypt, violent means are tending to fall into desuetude, tbe recruitment of the 
corvee has become each year more difficult, and it has become imperative to reduce the amount of 
forced labor imposed on the farmer. This has been accomplished either by applying special rev- 
enues to the construction of certain works of skill, intended to diminish the annual work of repair, or 
by supplementing with paid labor the insufflcieot work of the corvie. Moreover, since the general 
introduction of summer crops and the estension of the net- work of deep canals, the most important 
part of the labor of dredging has become too heavy to be accomplished by the method practiced 
in the corvee ; therefore it is confined as much as possible to earthwork, which requires the least 
removal of the peasants aud which can be executed dry. Other earth-work, as far as official 
recourse allows, is doue mechanically by means of dredges or executed under contract by paid 
hibor. 

II. CORVfiB. 

Although the system of the corvie is properly repugnant to our modern ideas, it is no less true, 
if we consider the state of Egypt at the time when cultivation by inundation basins prevailed 
throughout the whole land, that the use of forced labor was in ac<^rtain degree legitimate, and 
that it is still so in the regions where this method of wateriug still exists. Linant de Bellefonds 
8tat«d this correctly in his work already referred to, which contains so much valuable iuformation 
as to all the public works of Egypt 

A basin, in fact, constitutes a great farm, to whose prosperity all those who own a part should 
contribute ; and as there is generally only a single crop a year, which only lasts live or six months, 
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tbe peaaants, after tbe barrest, sboold at least employ themselves in clearing the canals and 
BtreugtlieuiDg the dikes. Each owner being able to cultivate bis fields only when the whole basin 
is pot in condition to receive and hold tbe inundation water, it is then very natural that they all 
shonld join to esecate together during the season of repose, the work of tho dikes, the construction 
of drains, and tbe clearing out of canals which are of general benefit. 

An absolute power could greatly abuse the facility which a vorc^, without control, presents for 
great works. This, in fact, is what has already happened in Egypt, notably when Mcbemet Ali 
began the irrigation canals which to day cut up the country. Corves of more than 300.000 men 
were then seen, drafted from every part of Egypt, digging the Mabnioudieh canal, which was of 
very little importance to cultivatiou, and which was especially designed for tbe benefit of tbe city 
of Alexandria. At this time the labor demanded annually fromthetwri^^corresiKindedto the em- 
ployment of 450,000 laburera for four months. 

Most of the canals wore thus constructed by unpaid people, who received no benefit from them- 
Afterwards, in the same way, to clear out tbe Eayah Behera and the Katatbch Caital, which water 
the provinces of Bebera only, it was necessary to bring every year more than 15,000 men from 
other provinces; also, under tbe Khedive Ismail Pasha, tbe great Ibrahimieb canal, which bene- 
fited almost solely tbe immense viceregal possessions, was dug by contingents of the whole corvief 
and the principal canals derived from it are still repaired by tbe inhabitants of tbe proviaoe of 
Siout, to whom it is of no benefit. 

Also, when we consider the great development of the net -work of canals which aflford fertility 
to the land of Egypt, while doing justice to the intelligence and energy of the sovereigns who have 
pushod tbo executiou of the gigantic labor, we can not avoid referring to tbe amount of fatigue and 
misery and to tbe excess of rigor and tyranny at whose cost the present generation has inherited 
from tbeir faihers such a method of irrigation. 

Tbe despotism which has prevailed in the allotment of the labor of constructing cai^als among 
the corvie also obtained in tbo repair of these works, and it often happened that the large propri- 
etors were exempt from sending their laborers to tho corv6e for tbe cleaning out of the canals nec- 
essary for their own crops, while Ibe poor feliabs were driven to onerous labors whose results were 
* of no benefit whatever to their land. 

On tbe other hand, the mrrSe was often diverted from the purpose it was specially intended 
for, and UMcd for the construction of railroads, for a part of the Suez Canal, dry-docks, and in gen- 
eral all kinds of public works, sometimes also to private works to the great profit of tbe sheiks, 
pashas, and agents of tbe Government. 

The corvh ander such circnmstances can be only odious to the country. Besides, although it 
is indispensable in certain exceptional and imi>erative cases, especially in the regions of irrigation, 
and as a means of utilizing the vital energy of tbe country, it is only suitable to countries whose 
administration is bad and whose treasury is empty. 

The Khedive's decree of 2dth January, 1881, determined in a general manner the works which 
are now placed in charge of the corv6e. 

According to this decree, tbe works relating to irrigation are divided iuto three categories: 
Those charged to the state, that is to say, whose expenses are chargetl to the resources of Egypt ; 
those charged to the population in general, that is, whoso execution must be done by the corvSe, 
and those charged to the owners of tbe land benefited. 

The works charged to the state are as follows : 

Labor in reference to the works of skill, which concern one or more provinces, existing or to be 
constructed on the Nile and its branch es, on the dikes, on the principal canals, on the dikes of the 
basins of Upper Egppt, and other dikes of general interests 

The dredging which is done by means of dredging- machines, in which are comprised all the 
expenses of plant, working, and repair. In 1881 the dredging- machines were hardly used, except 
for the three great canals of Ibrahimieh, Ismailieb and Mahmoudieh. 

The supply and transportation of material, such as stone, wood, etc., required for the general 
good, and for the preservation of dikes and works, and for closing dams and inlets of the 
canals. 
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The works charged to the popnlation in general are as follows: 

Earth-work, filling and excavating and hand dredging, which benefit one or more provinces, 
tjivvillages of one or more districts. [The districts correspond almost to French cantous.] 

Guarding the dikes and works daring the Nile llooil. 

Bandliog and preparing the materials destined for the preservation of dikes, canals, works of 
altill, and for closing the dams and inlets. 

The works charged to those interested are: 

Earth-work, watching, closing dams and inlets, which benefit alone one or two villages or spe- 
cial proprietors. 

The labor which coDcerns the works of skill, constructed or to be conatrncted, on the canals or 
dikes, benefiting either villages of one or more districts, or one village or special i>roprietor. 

The works incumbent on the corvee are those which are designated above as being charged to 
the population in general, and they are thus perfectly defined. It may be said except in what con- 
cerns the construction and repair of works of skill, and except for the last ramifications of the 
canals, the corvee should furnish, according to the regulating decree of Januarj-, 1881, all the man- 
ual labor for the construction, repair, and watching of canals and dikes. These requirements have 
been much modified and much of the construction of dikes and canals, and even works of repair, 
haa been done for cash liy contractors. 

The methods of executing work by corr^ are most primitive, 

For earth- work the only tools which the corr^ use are the /ass, a kind of iron hoe, very large, 
and with a short handle, and the coujfin, a kind of cylindrical basket woven from the stems of 
palms. The fasg serves to loosen the earth, and the couffin to carry it. The ordinary iwiffin is fur- 
nished with two handles of palm rope, and it holds practically from 10 to 15 liters, although it 
has a capacity of 20 liters. These couffint when repaired are bound and re-enforced with roiies of 
palm. The ordinary couffin can be used, before becoming worthless, to transport about 40 cubic 
meters of dry earth and 30 cubic meters of wet earth, and the repairetl couiffins may be re-enforced 
to transport as much as 50 or 60 cubic meters of earth, either dry or wet. But most frequently, 
and especially when the cousins are employed by the oorvde, they are completely nsed up after 
having transported from i to 5 cubic meters. The price of a couffin is 35 to 40 centimes; the 
re-enforced couffijta cost 50 to 60 centimes. 

To work deep canals, that is, the feeder canals, basins and canals designed solely to carry flood 
water, they wait until they are dry. The meu of the corr^ are then arranged along the canals 
and divided into diggers and carriers; the latter are generally children. The man with his /««« 
hoes up the bed of the canal and puts the earth into the coujfin which the child raises np by its 
two handles and carries it upon his head to the embankment and places the deposit. In general 
the bottom of the canals are formed of mud stiff and cracked; when the deposits to be removed 
are composed of sand, the hand often replaces tbe/ass to move the soil and flit the couffin. These 
labors can be executed at any time whatever in the interval comprised between the two floods. It 
is always so arranged that they occur in the period of repose for the peasant in the intervals of 
cultivation. 

For the deep canals the work is very heavy. In the first place, the banks are very high ; this 
Increases very much the length and difficnity of haul; also, frequently in the vicinity of the heads 
of the great canals, the height of the embankments above the bottom extend 10 meters. In the 
second place, since they are obliged to execute the carrying when the water is already low in order 
to facilitate drying, as at this moment the crops still require water, the time allowed for drying 
and making embankments is very limited. It is not then possible to obtain, in the lower pools, 
by drainage or by simple evaporation a complete drying of the mud; besides at such depths below 
the soil it is often difficult even with time to completely get rid of the water. Under these condi- 
tions the unhappy peasant of the corc^, almost naked, in this miry soil at the bottom of great 
trenches, whose banks are heated by the rays of a bundng sun, fills, sometimes with a fans and 
sometimes with his hands, the couffins, which are hoisted along the slope of the canals slowly and 
with great toil by his companions in labor, to the summit of the embankment. Sncb labors, which 
are to-day almost abolished for the corvee, can only be executed by a severe use of the lash, and 
H. Mis. 134 5 
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even with these barbarous methods it is almost impossible to have the earth carried aef^raa 
the top of the dikes; it is deposited merely at the foot of the embaukment or along the slope 
a little above the level of low water — a true labor of Sisjphns, because each year this same e^h 
slides to the bottom of the bed in high water and has to be removed with the same trouble and 
fatigue. 

In certain cases, also, the needs of irrigation do not allow them to wait until the bed is almost 
dry to commence clearing. Then the men of the corv4e, immersed in the water up to their middle, 
try lo draw from the bottom of the canal with their hands moat of the sediment, which they pass 
one to the other across the slope. This is work which a progressive government evidently should 
not demand by forced and gratuitous labor. 

The deep canals are cleared by the corvee before mean water, so that they can carry their 
normal discharge during lowest water. At times it is impossible, on account of the requirements 
of the crops, to stop the discharge of the canal long enough to finish at one time the total clearing; 
so it is done at two periods, the first before the time of sowing and the second at the time of lowest 
water. 

Besides the canals, the corvie has also to execute the repair of the dikes. 

For the dikes of tbelNile, the work consists especially in the repair of the slopes, the dikes, 
and repairing and filling the cuts made for irrigation during low water. The earth designed for 
this work is always taken from a little distance tirom the foot of the dike and all along the part 
repaired; this is then simple dry earth-work which is doue with the/a«8 and couffin. 

The labor of repairing the dikes of the basins is of the same nature. It comprises mere slope 
repairs of the dikes at ix)int« where the regulating works and outlets consist merely of breaches 
in the body of the embankment itself to drain the inundation water into either the lower basin or 
into the Nile. The amount alone of these breaches has been 40,000 to 50,000 cubic meters. Aa 
the flow of waters throngh the breach produces excavations which would be too considerable to 
fill, they conatmct a dike above i his excavation and connect the new dike with the old by curves, 
paying no attention to the regularity of their plan. 

The works of the dikes arc executed at the same time as the works of the clearing of shallow 
canals. 

In case the core^ is called out to construct new dikes and canals, the method of executing the 
work is the same aa has just been described; however, in concordance with present ideas, the 
eortie is almost exclusively devoted to the works of repair. 

Even during the period of the flood the corr& does not remain idle; as soon as the water reaches 
a certain height contingents are called out for guarding the dikes. The men are then stationed 
aloug the dikes of the Nile and the basins to watch carefully the eEFect of the water, protected by 
small huts of reeds, night and day they are called out to help if a spring or a leak shows itself 
in the portion of the work confided to their care. 

The north slopesof the basins require especially very particular attention; in fact, as has already 
been seen, the north wind prevails during the inundation, and the water of the basins under the 
iufiaeuce of this wind forms small waves, which break against the dikes and abraid them without 
cessation. Thns the watchmen are obliged to watch with care that the protection of rashes and 
reeds which is placed along the slope is maintained in good condition, and immediately replaced 
in case of removal. 

The watching of the Nile dikes commences about the 1st of August and ends about the end of 
September or the 1st of October, and for the basin dikes it lasts from the moment of filling to the 
moment of emptying. 

Another portion of the contingents of the corvie, during flood, is called out to watch and 
maneuver the gates at the regulating works; they are charged especially to attend to breaks which 
may be prodaced in the shutters which close the dam openings and to raise and put in place these 
shutters, either to regulate the level in the basins of inundation or to obtain a suitable height of 
water in the canals of irrigation. The maneuvering of the shutters of the gates, which are in 
general vertical needles, is accomplished by means of cranes and tackle, or by means of movable 
winches. 
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Finally, when the works of skill are injured, or when their banks are attacked by tbe water, or 
one of tbe dikes of tbe 2file or-canals is threatened, the Govemnient brings stone, which theeorrie 
nse either for riprap or for spnrs. 

Saoh is tbe method by wbicb the oorv^ execates throagbout tbe whole year tbe works of dif- 
ferent kinds which are allotted to them. 

Every year after the flood the agents of the Government prepare the allotment of the labor 
incumbent on tbe corvee, and submit it about tbe middle of the mouth of December to the agri- 
cultural council, of whom there are six for the whole of Egypt ; three in Lower Egypt, and three 
in Upper Egj'pt. These councils, iu which the notables of the regiou, under the presidency of an 
administrator of the province, discuss tbe allotments presented, classify the work into works of 
general interest — that is to say, of interest to one or more provincets — and works of communal in- 
terest — that is to say, interesting villages of one or more districts ; they apportion these then among 
the population of the provinces and districts, and finally the number of men to be raised for tbeir 
execution, and the number of days which the cootiugents will remain on the works. The decis- 
ions are submitted for the approbation of superior authority. 

It is always a very delicate task to assign equitably the burden of tbe corp^. Thus tbe popu- 
lation nearest the inlet of the canals — that is to say, the part whose repair is most onerous — are 
not always those who profit most by the water of the canals. Bnt, nevertheless, to avoid great 
displacement of men as mnch as possible, they are charged with tbe dredging ; this is the case, 
for example, in tbe province of Galoubieh, where are the inlets of numerous canals which wat«r the 
Gharkieh, and in the Menoufieb, where are all the heads of the canals of Garbieh. In othercases, 
as iu the province of Behera, the population is not sufficient for the execution of tbe work. A few 
years ago recourse was had to the contingents of other provinces to insure the clearing the Bayah 
Behera. 

The works of repair begin about the 15th of January and end in July; they are less during the 
period of winter crops, and in Upper Egypt they are completely stopped at this time ; tbe work 
is done during two intervals, from January to March and from June to August. 

For the work of guarding the dikes tbe councils of the provinces meet in the month of July, 
A partof tbe contingent called out come to their posts on tbe let of August and the rest on the 
Ist of September, and the entire contingent remains on guard until the danger of rupture to tie 
dikes 18 passed. 

When once tbe work is thus determined and when the time arrives to begin it, tbe men of tbe 
village are called to their places by the ailministrative authority of the province. Under the 
direction of engineers they are conducted by the chiefs of villages to their camps. They camp at 
these places antil the completion of the work ; ofC«n also, when the places to which they are 
assigned are far from the village iu which they live and if their stay is to be a long one, their wives 
and children follow tbeir steps, and true wandering hordes are (bus established along the canals 
and dikes to be repaired. In such cases, after they have arrived, the Government furnishes tools 
and provisions. 8nch ii displacement of population causes for some months each year great hard- 
ships in tbe lives of tbe peasants, and is for them a source of considerable expense which it is 
difficult to estimate, but which increases in a great measure tbe cost of the profit, already high 
without this, of forced labor. 

In a general way payment in kind is due in Egypt from all the able male inhabitants between 
the ages of fifteen and fifty years, with the exception of the inhabitants of cities who do not 
possess land, and of some other classes, as the tJlemos and the Bedouins. These latter, charged 
especially with the gnardiug of the frontiers of Egypt all along the desert, are in fact exempt 
both from regular military service and from the corv^. They own, nevertheless, great quantities 
of cultivable land in the different provinces. 

According to the last census, it is calculated the male population between the ages of fifteen 
and fifty years make up about 43 per cent, of the male population of the villages. 

tn fact, in practice this rule has many exceptions, and the burden of the corv^, instead of 
being equitably divided amongst the population, is borne everywhere by the simple peasant and 
small farmers. Tbe pashas, the iutendant of church property, and the rich farmers, themselves long 
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exempt from the dnties of tbo corv4e, nse their inflnence to free tiieir workmen flrom this tax. 
Thaa iu the tlistrict north of the DeltH, the district of Kafr-Cheik, -which coDtaius 60,000 hectares, 
22,000 hectares contribnte id no manner whatever to the corvee. Of the other 38,000, 22,000 
profiting by the privilege of escaping nnder the conditious which are indicated above, all the 
weight of forced labor falls on the 16,000 hectares. This charge is very heavy, because the 3,500 in- 
habitants who people the 16,t>00 hectares must furnish eight hundred men for one hundred and 
eighty days. In the entire province of Behera, which represents 196,000 hectares, during late 
years they have never been able to bring together more than three thousand men. This is be- 
cause this province is almost entirely occupied by large native fanners, by the Bedouins, and the 
European proprietors who hide themselves behind treaty stipulations to avoid contribution in 
kind. 

If we compare the census of 1848, which served recently as a ba«is for recruiting ihe corvee, 
with the ceuRus of 1882, it is seen that for the six provinces of Lower Egypt the number of cor- 
v6eable men has diminished iu a great degree. In this period of thirty-four years it has been 
reduced from 634,000 to 376,029. This diniiuution is due without doubt in a great part to the 
increase of population of the cities, and perhaps also to the want of accuracy in the cenans, but 
it shows qaito plainly that in all this interval of time the data for recruiting the contingents was 
not esact, consequently it was easy to escape the duty of the corvSe. 

It was admitted formerly that the execution of irrigation work required the calling oat of 
one-fourth of the male population, as given iu the census of 1S4S, during forty-five days; then 
later they prnferred to call out one-eighth of the population for ninety days. It is considered gen- 
erally that in Lower Egypt the work is equitably distributed when four men are furnished by each 
21 hectares. The table V^low shows the distribntion and duration of labor and number of men 
called in 1879 in each province, according to the official allotment of the ministry of public works, 
an allotment based on information which can not be considered as absolutely correct and which 
gives amounts somewhat esagerated. 
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At this epoch certain proprietors had not yet been authorized to bay themselves off from the 
corvSe by the payment of a certain sum of money. They had not yet begun to substitute for 
forced labor the system of paid labor and contracts. These 29,000,000 cubic meters represented 
then the annual work of the corv6e, executed by nearly 120,000 men, working on an average of 
one hundred and fifty-two days; this corresponds to 181,000 men working for one hundred 
days. 

In 1885, the epoch when many improvements had been introduced by the English engineers 
of the irrigation service into the supplying of canals and the distribution of water, and when the 
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system of contract for repairs was already applied, the harden of the corvSe hadbeen very ttotably 
decreased, as is indicated in the following table: 
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The anionut required of the corvee is here reduced to 21,000,000 cubic meters; it represents 
the work of 160,000 men for one hundred days. 

In 1886 the earth-work done by the coreee was still more decreased in amount in consequence 
of official arrangements which permitted the diminution of the amount allotted to gratoitons 
obligatory labor. 

The amount exacted per mau of the corvee per day amounts on an average to about 1.8 cubic 
meters. Generally, in calculating the numt>er of men necessary for a certain work, it is estimated 
that one man can accomplish in one day 2.3 cubic meters of earth-work for the repair of shallow 
canals and dikes and 1.35 cubic meters for cleaning deep canals. These results would not be bad 
if it was certain that the earth-work would be actually executed according to the dii-ectton of the 
engineers, that the dredging was well done to the bottom, the dikes and the slopes well regulated; 
but this is not the case, and it is necessary toadd to the estimated cost of the whole in eousequeuce 
of the disturbance which results to the country by considerable displacement of inhabitants, 
diverted from their ordinary labor for nearly three months yearly. 

The difficulty of forcing the large proprietore to obey the communal law ; the impossibility of 
obtaining by the corvee the proper and regular cleaning of the deep canal»; the necessity, recog- 
nized for a long time in a humanitarian point of view, of gradually abolishiug the corv^, at least 
for the heaviest work, and consequently the obligation of the Government as to liuancial resources 
which would permit it toexecute certain works of repair for cash — all these reasons led the Egyptian 
Government, about 1880, to determine whether it would not bo able to authorize the corvee to buy 
itself off under certain couditions. It was resolved at first to allow this ransom to everybody indis- 
criminately, but it was very soon feared that the bauds would be wanting which were necessary 
for certain works, and in the decree of the Sutb of January, 1881, it was stipulated in the first place 
that each individual who was obliged to contribute in kind could be exempted by furnishing a 
substitute; and in the second place, that only certain classes would be allowed to ransom them- 
selves by the payment of a sum of money. These were as follows : The inhabitants (Comprised in the 
special domains conceded to private parties with exemption from taxes, and not counted in the 
villages in the census of 1S4S ; the Bedouins, a class of proprietors to whom Mebemet All had 
granted special privileges to iittaeb them to Egypt and the soil, and to stop their exactions and 
brigandage ; the inhabitants of the villages needed for the crops of certain large properties which 
the stale farms itself. The privilege of ransom for these latter were limited to Lower Egypt. 

In the villages where the cultivation of rice predominates contribution in kind remains oblig- 
atory, according to the same decree, but each man of these villages was ouly required to do half 
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the work impoaed on the iuhabitants of other villages. This privilege was doabtlesa created 
becanse the attcDtiou giveD to the cnltivation of rice is much more exacting and more continuous 
than for other ciopa. 

The tax of ransom was fixed at 31.10 francs per man in Lower Egypt and 20.70 franca in Upper 
Egypt. In 18S0 tlio tariff was fixed at 15.50 francs for the whole of Egypt. 

The money derived by the rausota from contribution in kind was set aside to be solely employed 
for works having for their object the rednction or abolition of the corvee. 

The ransom from the corvSe from these data has given lor the live years from 1880 to 1884 the 
total sum of 5,120,000 francs, or an annual mean of 1,032,200 francs, distributed very unequally 
between Upper and Lower Egypt. Thus in 1883, in a total receipt of 883,350 franca for the whole of 
Egypt, Upper Egj'pt only furnished 55,250 francs, the privilege of ransom being so much less 
extended in this region, and besides the labor of the corr&here being in general, especially in the. 
provinces of the south, a lighter charge for the popnlation than in Lower Egypt. 

In 1885, ou account of the greater and greater difficulties presented in the recruitment of the 
cortSe, the tax of ransom was still further diminished ; it was reduced to 7.80 fraucs per man in 
Lower Egypt, and in the region of the Ibrahimieh toS.OOfrancsfor the rice fields and to 5.20 francs 
iu Upper Egypt. But the resources thus prodnced were insnfBcient at many i)oints and the Govern- 
ment was obliged to add to its budget the sum of more than 600,000 francs to complete the work 
of the eorvie. > 

The Government is now occupied in decreasing in a still greater measure the charge imposed 
on forced labor. It is calculated now that the labors incumbent on the corvie, according to the 
decree of 1881, for the repair and watching of the dikes and canals, represent an aunnal snm of 
about 12,000,000 francs, which corresponds nearly to a total volnme of from 18,000,000 to 20,000,000 
meters of earth-work. In 18.6 the Egyptian Government devoted in its budget the sum of 6,500,000 
francs to the execution by contract of a part of these works ; the corr& only remained charged with 
the surplus. The corvie was thus free from the heaviest work. 

III. Dry Eaeth-woek. 



In the whole of Egypt dry earth-work, whether done by forced labor or contract, is executed 
in the same way with the two tools which have already been described above — thB/(M«,todig the 
earth, and the eouffin, to transport it. It is rarely that the moving of the earth is otherwise than in 
transverse profile; the embankments are generally executed by means of borrow pit« which border 
the embankments to be raised; it is not then necessary to carry for any distance along the embank- 
ment. In the rare case where a carry is required of more than 100 meters the employment of men 
as carriers becomes too costly and they substitute the donkey or camel. 

Prom each side of the pack-saddle of the animal haug baskets of woven palms of the form of 
a truncated cone, whose bottom, moving abont a kind of hinge of palm cord, in the manner of a 
valve, can be hold firm by means of a cord and a wooden pin. Each basket is SO to 90 centimeters 
high and 60 to 70 centimeters wide at its mouth ; it contains about 70 liters. These baskets are 
filled by means of ordinary covffins ; to empty them it is sufficient to open the bottom. The camel 
is obliged to kneel for the load, but remains standing to discharge it. They frequently substitute 
wooden boxes for the woven baskets when the camels are employed for the transportation of the 
earth. 

In Egypt the peasant is a natural digger; nevertheless for heavy work and for contracts lasting 
a long time they prefer the men of Upper Egypt; they are known by the name of Saidiens. The 
diggers are paid generally 1 franc to 1.25 francs, tbe children from 50 to T5 centimes, for a day's 
work. 

Frequently in the camps the workingmen join in bodies and take small tasks of from 5 to 10 
cubic meters. The price for a day's work of a camel is 5 francs, including the driver. 

This work is paid for at the rate of from 30 centimes to 1.50 francs per cubic meter, according 
to whether it is ordinary earth-work or the work is rendered more difiicult by the presence of 
water or moisture. In the case of cleaning deep canals the administration manages the work in 
fiuoh a manner as to prevent water entering the level to be cleared out, and to facilitate the drain- 
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age of the water wliich they contain. It is a part of the contract to complete the drying as may 
be most Buitable to the progress of the work. In each province there is let out in a single contract, 
with one price per cubic meter of embankment, most of the earthwork of repair required for the 
year, at least that which can be done dry. Heavy penalties are exacted as a gnaranty for tbis 
work, whose completion in a certain time is a vital necessity for the crops, 

They have hesitated for a long time giving the contractors the repair of the canals on acconnt 
of the known difiBcultics which the assembling of the corvie presents every year. Indeed, it 
was thought that they would fail in their engagement in consequence of the obstacles met with in 
obtaining workmen; but these fears have not been realized, and the contracts for repairs have 
permitted the relief in part of the corvde and the execution of the clearing-out work at leisure with- 
out the necessity of hastening the work, and in a measure sparing the population a prolonged 
displacement. 

IV. Dredging. 

The three canals of Ibrahimieh, Ismailieh, and Mahmoudieh are the only ones which for some 
years have been regularly repaired by meaus of dredges; every year some dredging is done at cer- 
tain points on the Kile near the mouths of some large canals. Until 18S4, the Government exe- 
cuted these works as a tax with a plaut belonging to it. At this epoch a contractor was charged 
with dredging the Ibrahimieh for some years with a plant of the Government; the repair of the 
Mahmoudieh was treated in the same way by another contractor. Finally, in 1885, in order to 
relieve the corvee, they gave up to certain contractors the general execution by means of dredges 
of the clearing of the principal canals of Lower Egypt for the period of eight years. These con- 
tractors were allowed to use in part their own platitnnd in part the plant of the Government; the 
repair of the Ismailieh canal was comprised iu one of these last two contracts. All the dredging 
of the canals is now done by contract, the Government having entirely given up the execution as a 
tax of works of this nature. 

The dredging plant of the Egyptian Government is composed of the machines bought origi- 
nally from the contractors of the Suez and Ismailieh canals. The type of these machine^is known ; 
a very complete description of them is found in many technical treatises; some of them have a long 
discharge, others are made to discharge the earth into scows or steam barges. This plant is now 
old and much used and requires considerable outlay for repair and maintenance. To replace two 
of these old dredges which became useless the Egyptian Government ordered iu ISSl, iu England, 
two new powerful machines intended for the repair of the Ibrahimieh canal, and vhich are of this 
general description : 

The hull is of iron ; it is 30.20 meters long, 8,10 wide, and draws 1,80 meters of water. 

The dredge has a single frame at one end, and a chain of buckets working in an ui>ening 13.60 
long by 1.70 meters wide cut iu the axis of tiie hull. This machine is worked by a compound ver- 
tical engine with coupled cylinders of 60 nominal horsepower. The engine works the upper drum 
of the frame, without the use of a vertical shaft, by means of direct spur gearing, with a starting 
level on the bridge and a friction brake. The boilers are two in number ; they are tubular and 
internally fired. 

The length of the frame is 23 meters, measured from the upper axis of suspension to the lower 
dmm; the upper axis is not rigidly connected to the axis of the lower drom; it is so arranged that 
the frame may be lowered to dredge to a depth of 8 meters, and raised so that the lower drum may 
b« alMJve the water. 

A special steam-engine works the machine for raising the frame, and a quadruple steam wind- 
lass, placed on the bridge, serves to move the dredge from point to poiut. 

The drums bare four sides, and carry at the corners four tempered, square cast-steel bars, and 
the chain of buckets is so arranged as to be sopportetl not only by the bars but also by the body 
of the drum itself, covered with steel plates. 

The buckets hold 450 litres; they are of soft steel and armed with beaks of hardened steel; 
the articulation pins are of hardened steel, and the links are also furnished with steel bushing. 
Each dredge can raise about 160 cubic meters per hour. 

Each of these dredges cost 425,000 fraucs, delivered in Egypt. 
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In the dredges employed iu E^pt it in important tbat tbo backets slionld have a form suffl- 
oientl; Hariiig to prevent llie uiuil from 6li(;kiug to tLe sides. 

It has been shown above that the amonnta to be dredged annually are: 



Forthelbrahimioh 730,000 to 1, 150,000 

FurtbBlaiiiailii.li 150. 000 to ;«(0,000 

For tha Maliiuoudieh 200,000 to JOO.OOO 

The plant required to excavate sueh an amount of dredging ia necessarily large ; thus the 
Egyptian Government owns for dredging the Ibrahimieh alone ten dredges in a more or less good 
condition, twelve steam -lighters', three barges, and two steam-launches. 

For this canal the dredging is done by three different methods, according to the locality. 
Near the mouth the dredges dump the soil into steam -lighters, which take it to the Nile. Farther 
off, in order to avoid carrying the spoil a long distance, they employ dredges with long delivery, 
but RS the banks are very high, and also the width of the bed too great, they are satislied to dig a 
ditch in the middle of the channel, on the edges of which the spoil is dumped. The method is 
very vicious, because the current, in a short time, redeposits necessarily on the bottom the spoil 
dumped on the edges; therefore it is very necessary to abolish this method of work. 

Finally, below Derout, they also employ dredges with long delivery, but they are careful to 
excavate, in the embankment itself, at a level above the water, a longitudiual ditch 6 or S meters 
wide, into which the pipe empties the spoil. • Every year, before beginning to dredge, they are 
obliged to dig this ditch aloug a part of the canal to be dredged, and to carry behind the embank- 
ment the spoil of the precediug year. The development which this accumulation of yearly spoil 
gives to the dikes here and for almost all the canals of Egypt is one of the grave incouveniences 
of the system of dredging employed; the dikes attain rapidly considerable heights, which inter- 
fere with the deposits of the later dredging and render the work more and more costly and diffl- 
calt, and also cover large areas of good laud thus rendered unproductive. 

On the Mahmondieh and Ismailieh canals they operate the same as on the Ibrahimieh, with 
dredges and barges near the mouths; in the Mahmondieh canal the dredging for the first 10 kilo- 
meters is done in this manner; farther on they are dredged with chutes and ditches dug on the 
banks. The contractor fur the repair of the Mahmoudieh has used advantageously, in the middle 
portion of the caual, dredges dumping Into barges, wbeuce a centrifugal pump raises the spoil 
and throws it by means of pil>es on the neighboring lands ; here the spoil is used either to grade 
the land or to fill up the marshy portion of the ground. 

The dredging by contract of the Ibrahimieh and Mahmondieh canals has succeeded very 
well, but up to the present the two general contracts for dredging in Lower Egypt have not given 
very good results, and it may be said that machines capable of economically dredging the unim- 
portant canals do not yet exist in this country. One of the two contracts was for an annual maxi- 
mum of G0O,U00 cubic meters, to be taken from the principal canals of the province of Bebera, 
with the plant belonging to the Government; the other contract was for the provinces of the east, 
and comprised two periods — the first of three years, during which the contractors agreed to dredge 
yearly 1,500,000 cubic meters, and the second of eight years, during which the annual amount 
was reduced to 500,000 cubic meters. This last contractor, except on the Ismailieh canal, for 
which he was authorized to use gratuitously the plant belonging to the Government, was to fur- 
nish, himself, the necessary plant for other dredging. 

These two contracts have ouly been in force for one year; it is therefore difficult to estimate 
yet their ultimate effect. 

In 1881 and 1882, the epoch ia which dredging was performed as a tax by the ministry of 
public works, the mean cost of these works at the amounts below, which comprise the expense of 
manual labor, expenditure of material, maintenance, digging ditches for dredges of long delivery, 
and personnel, but do not include the detonation of plant, are as follows; 

For tbe Muhmouilieh CsliiI.. l.l&fr&ncH per cnbio taeter. 
For tbe Ibrubiinii'b Caniil .. . 1.^ fraucs per cubic muter. 

For tLu iHinailicb Canal 1.20 (Vbucb per cubic inoUir. 

At present the Government pays the contractor for dredging tbe Ibrahimieh 1.17 francs per 
cubic meter, and lends him gratuitously its plant, charging him with its maint«uance. For dredg- 
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ing in the province of Behera, with plant loaned under the same cooditions, the price was fixed 
at 97 oeatimeH per cubic meter. 

Per the provinces of tbe east the price agreed to by the contractor is 95 ceutitues for the first 
three years, and 90 for the following five years. These prices are very high. 

V. Works of Shell. 

There is little to be said on the subject of the construction and maintenance of the worksofskili, 

TLese works consist almost euUrely of iulet works, regulatiug works, locks, aud waste weirs. 

Most frequently tbe fomidatious are formed by an apron of a thickness varying according to 
the upward pressure it should sustain; tbe lowest portions ar« rarely more than 3 meters below 
tbe bed of the canal, aud at this depth in most cases all the work of excavation and masonry cau 
be done dry by meaus of drainage machiucs. 

The foundations of almost all the works rest solely on a clay more or less sandy, for it would 
be necessary to go to great depths to meet a more solid soil, and Ltiis clay is generally sufficiently 
compact and homogeueous uot to need cousolidatioii by meaus of stone or otherwise. 

The aprons are of beton covered with two courses of brick, with binding courses of cut stone. 

The body of high masonry is often of brick, sometimes of rubble with binding courses of cut 
stone. 

Tbe mortar employed is generally formed of one, part of fat lime and two of artificial puzzolana 
made from the debris of broken brick. 

In some cases tbe puzxolana is replaced by the simple mud of the Nile, and they thus obtain a 
mortar which hardens under water at the end of quite a long Ume; this mortar is met with in 
ancient works, but it is no longer employed in public works. 

Almost all the fermetures of the regulating works are formed of horizontal stop-planks or ver- 
tical needles. 

The chief cause of destruction of the Egpytian works lies in the foundation. In the first 
place, it often happeus that unequal settling takes place in tbe soil, causing cracks wliicL it is 
necessary to repair carefully when the settling is complete. In the second place, the embankments 
and the muddy soil being very easily washed away, it may happen that the work is overturned by 
the current or that the apron may be undermined by the movement of the water; to avoid the 
first inconveniences they give to the abutments of the works a very considerable length and thick- 
ness; to avoid the second they prolong the aprons and consolidate the earth by means of masses 
of riprap which should otteu be renewed. 

A few years ago it was difficult to find, in the provinces somewhat distant from Cairo, con- 
tractors to undertake works of skill, therefore it was necessary to construct them as a tax; this 
was slow and costly. To-day all the works are done when possible by contract. 

The repair of tbe riprap and the spurs, which are designed to render the bed of the Nile 
stable and protect the dikes, requires every year great quantities of stone, which amount to as 
much as from 50,000 to 60,000 cubic meters ; in Lower Egypt the stone used for this kind of work 
is taken from the quarries near Cairo by convicts and transported as far as the Nile by a short 
railroad a few kilometers long. Here the owners of barges load it and carry it to the place re- 
quired the foreman, with the men of the corvee, unload it, placing it in position. A few 5'ears ago 
contractors qaamed the stone, carried it to the Nile, and loaded it on barges ; they were paid 2,20 
francs per cubic meter. 

In Upper Egypt the same contractor who furnished the stone transported it and placed it in 
poBition. 

VI. Expense op Kepairs. 

Tbe EgyptianGovernmentcarries yearly in itsbudgetjcxclusiveof the pay of engineers and the 
pergonttel of the bureau, a sura of about 3,000,000 francs for the repair of the works of skill, of the 
works of protection against inundation, and for dredging. If we add to this the 12,000,000 francs 
which is the cost of executing by coutroct all the work which falls to the core^, it is seen that the 
costof repairing the dikes and of the canals of general and commnnat interest, for the whole of 
Egypt, amounts anoaally to 15,000,000 fraucs. The total cultivable area of Egypt amounts to 
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2,100,000 hectares ; this sum represents 7.11 francs per hectare. Bnt since the corv& exeoates a 
poitiOD of these workH of repair, it is very difficult to determine the exact amount of this expense, 
and the sum of 7.14 francs, given above, should be considered only as an approxiniatiou. 

VII. Works Exeotjted bt iNDiriDUAi-a. 

On account of the social condition of the conntry the Egyptian Government has been obligeil 
to take under its own charge, or impose on the whole population, all the works of construction and 
repair which pertain to works of general and communal i jterest. There only remains as a charge 
to individuals the execntion and maintenance of their inlets and watering canals for their own 
property; these worku being generally of little importance, syndicates are not appointed in the 
coQDtry, with organizations more or less complicated, to insure irrigation for particular territories. 

In some cases small nambers interested unite to construct an inlet on a grand canal ; then the 
Government assumes charge of the work for the farmers ; the latter raise in advance the approxi- 
mate amount of cost, which i» divided in proportion to the extent of land cultivated by each indi- 
vidual. As to the repair of the caunls and works of special benefit, those interesteil, who are 
never very numerous, arrange to have it done among tbemselvcN, or, when it concerns the whole 
or part of a village, the inhabitants form a special corvee under the direction of the sheiks or local 
authorities. 
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CHAPTER VI. 

METHOD OF ELEVATING AND USING IRRIGATION WATER. 

UrnORITT FOR ESTABLIsaiXO ELEVATISG-UAaHiyES— ISLETS— fTATERJlfO CAXALS. 



I. ELETATLNQ-UACmNBS. 

When the water flows in the feeder caoal, at the level of the cultivated land or above this 
level, the proprietor in order to water hia land has only to open or shut his inlet. This is what is 
generally doueduring flood in almost the whole of Egypt ; it is also the same during low water in 
the regions which are situated a short distance from the inlets of the irrigation canals. These 
canals have a slope less than that of the valley, and it is possible to take water from them by 
means of regulating works. But these conveniences do not exist : even daring flood, for the high 
lands which border the river, and daring low water all along the Nile and along the higher levels 
of the canals, it is necessary to raise water by means of machines to the level of the soil if it is 
desired to make summer crops. 

Thns there are in Egypt many regions in which the farmer is obliged with much difScnlty and 
much expense to raise, at least dnring some months of the year, the water of irrigation, and the 
lands where this obtains are generally considered the most fertile, because they are slightly ele- 
vated and consequently free from the inconvenience which resnlts from infiltration and want of 
drainage. 

Of the elevating- machines used in this country, the most part are remarl^ble for their awk- 
wardness of construction and the simplicity of working tbem. They are part of the patrimony 
of primitive tools which have been bequeathed to the present generation by the inventive genins 
of the first race of farmers, and which have been transmitted through centuries with that kind of 
tradition and sameness which prevails in the nature and aflairs of the Urient. For these awkward 
machines, whose arrangements are based on the use of man and animal power have been partly 
sabstitnted, dnring the present century, the steam engine and the pump, nsnally the centrifugal 
pump. 

The wind is not employed in Egypt for working irrigation machines. 

Nattal* — When the height to which the water is to be raised is from 50 or 60 centimeters, 
and does not exceed one meter, they cnt into the banks of the canal so as to make a small plat- 
form as high as the level of the water, or a little above this level, and they carry the supply ditch 
as far as the aide of this small platform, being careful to terminate it by an^arthen dam covered 
with a stTaw mat to strengthen it. Two men place themselves on this platform opposite each 
other, on each side of the ditch, so that its extremity comes exactly to the middle of the space 
which separates them, and which ia about 1.50 meters; they are nearly or half aeated npon two 
small mounds of dry mud or simply leaning against the vertical sides which have been dug in the 
bank to form the platform. The machine worked by these two men is composed simply of a kind 
of bosket, with stifi sides of woven palm leaves, 40 centimeters in diameter and 25 centimetera 
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high ; its bottom i8 sometimes covered with leather, and it is furnished with four cords. The two 
meu, holdiug ooe of tho cords iu each haud , takiug a biilatictiig movement, throw the basket into 
the caoal ; theu they rai^e it up, throwlun it liach at tbe height of the body, briugiug it to the end 
of the ditch, and each of them make with their arms a movement like that of the laborer who 
empties his wheelbarrow by the side; the conteut^ of the basket is thus emptied iuto the ditch. 

Two meu can raise by this methml from 4 to 5 cubic meters per hour. 

This simple plant is called the nattal; it is cheap and easy to establisli anywhere. 

The small amount of eartbwork necessary is made very cheaply iu cousequeuce of the plas- 
ticity of the Egyptian soil, which maintains itself almost vertical, and which, wbeu it is used wet, 
takes and preserves, after haviug been dried, any form which may be given it. 

Ckadouf.* — When the height exceeds 1 meter, the effort which the men are obliged to make to 
raise the basket of the nattat becomes too fatiguing. Tbey then place the basket on a lever, which 
allows the amplitude of its movement to be increased, and they thus obtaiu a new machine, which 
is called ckadonf, and which suffices to elevate water as high as 3 meters. 

The cha*iouf is composed esseutially of two vertical supports of about 1.20 meters iu height, 
ami 1 meter apart, supporting at their upiier extremity a wooden beam front which is suspended 
a largo lever about 3 meters long; |ialm cords and a small wooden axis afford tlie meaus of sus- 
pending the lever to its beam Tlie two vertical supports arc generally formed either of forked 
branches or fascine.9 of rushes placed iu the ground and bound together by means of dry mud. 
At one of the extremities of the lever hangs a basket similar to that of the nattal, fastened by 
meaus of movable arms of about 2J meters long and palm cords. The other extremity is coun- 
terpoised by dry mud sufficient to draw up a basket filled with water. 

This machine is placed in position so that the lever works parallel to the ditch to be supplied 
aud pen'endicular to the canal. A small trench conducts the water of the canal to the chadouf, 
and the man charged with maneuvering the machine stands on a small platform estabHshed about 
1 meter below tbe ditch to be supplied and formed either of a small mound of earth or some brush ; 
he stands erect, his back supported against the sides of the trench by which tlie water of the canal 
comes to the chadouf. In this position he bears his weight on the suspension arm of the basket 
until it reaches the water and is filled; the counterpoise theu acts to raise the basket to the level 
of the ditch into wliieh the man empties it by a movement of the handle. 

Sometimes, in certain localities far from the Nile anil canals, they use the chadouf to raise the 
irrigation water from wells dug to the depth of 4 or 5 meters below the soil, but these heights are 
very exceptional. 

Generally wlien they wish to raise water more than 3 meters they place cbadoufs over each 
other, each machine taking water from the basiu into which the lowei' chadouf has already raised 
it. Frequently on the banks of the Nile in Upper Egjpt the traveler encouuters numerous cha- 
doufs working thus, iu ranks of three or four front, and with three or even four different levels 
The sight is very pictureisqne; these levers rising and descending slowly in cadence under the 
regular impulsion given them by negroes or fellahs, bronzed by the sun, almost naked, dripping 
with water, and keeping time to a nasal chant which one of the workmen raises from time to 
time, aud which mingles with the rippling of the falling water. 

Like the nattal, the chadouf is a simple plant, which cau be established wherever desired and 
removed with tlie greatest facility and, it might be said, without expense. Two bundles of corn- 
stalks or reeds, two sticks, a little cord, a basket, and a piece of leather are the materials which 
compose it; every fellah possesses these, and the mud of the Nile is sufficieut to place them in 
working order. 

The movement (tf the chadouf is slow; a man can hardly raise, in the usual conditions, 
more than ten baskets per minute ; at IU liters per basket, this makes 100 liters per minute and 6 
cubic meters per Lour. One man works at the chadouf about two hours at a time. It is generally 
ailmitted that one machine with two men is ni-cessary to water one-half hectare. 

From numerous observations ma<ie on this subject by the engineers of the French ex]^>edition 
in Egypt, it is concluded that the work produced by the fellah with the chadouf is 330 kdogram- 
meters on the average per minute, while tbe dynamic action of a man of mean strength, raising 

* See Pl&to XIX. 
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weigbts vitb a cord and palley aud lowering tlie conl witboat weight, is ordinarily coosideied as 
only 216 kilogTam meters for the same time, Tlie cUadODfe, tberefore, utilize in an advantageons 
raanner tbe muscular force of the workman, since lie acta by liis own weight to raise the coant«r- 
jmise and to lower the empty basket, and tbe water then is naturally raised by tbe effect of tbe 
eonnter])oiBe ami without effort on tbe part of tbe man. 

Sakie.' — For heights above 3 meters the ehadouf is an onerons machine, consequently they 
employ most frequently in this case a kind of noi-ia which is called aakte. 

The Bakie is very common in Egypt. It is arranged in the following manner: A wooden wheel 
abont 1-50 meters in diameter is furnished with cogs 20 centimeters long ; the axis of this wheel 
is vertical ; it rests at its lower part below the level of the soil on a large step formed of pieces 
of wood laid together, and is bound by cords in a fixed mauuer to a horizontal lever 3 meters long, . 
which, moved by au ox or other animal, carries with its revolution the horizontal wheeL The 
upper extremity of the vertical axis passes into a bearing roughly made of iron or wood and which 
is fixed to the horizontal beam or 7 meters long, whose ends rest on two supports of dry nind, 
sun dried bricks, or masonry built on the ground u|M)U which the animal motor passes. Frequently 
the shaft of the wheel is formed by a rough branch which separates above in the form of a large 
crotch whose two arms facilitate the connection with the horizontal lever of the machine. Some- 
times for small sakies the upper beam is discarded ; the sakie is then kept vertical by means of 
wooden beams placed horizoutally at the level of tbe soil. 

The horizontal wheel engages a vertical wooden cog wheel about 1 meter in diameter, carry- 
ing cogs similar to those of tbe horizontal wheel, with its axis passing below the level of the soil 
under the track, and carrying on its other extremity a wheel from 1.50 to 2 meters in diameter, 
which supports the chain of tbe noria. This chain is simply formed of a rope la<lder carrying 
eartbenwa^ pots spaced about ^0 centimeters apart> which are raised full of water t« the top of 
tbe wheel and empty into a trough placed laterally. 

To resume, the sakie is composed of an arrangement giving movement to a crown wheel which 
engages the vertical wheel carrying the chain of the noria. Each machine is roughly made from 
the wood of tbe acacia, which is found in the country and which is hardly ever used squared. (Jon- 
sequently the vicinity of a sakie is anuonnced from afar by the continual groaning and the inces- 
sant plaint of the machine, raising itself in the stillness of the plain or disturbing the silence of 
tbe night, a witness of tbe effort at whose cost man brings fertility to tbe parched eiirth. Fre- 
quently the sakies are arranged along the banks of tbe Nile or the great canals, as might be said, 
temporarily; the eartheu bank serves as their foundation. The pit into which the noria descends 
has vertical sides dug in tbe mud; it is partially covered by a few branches covered with earth, 
over which tbe animal which turns tbe machine passes. Tbe supports of the upper beam are in 
this case simply masses of earth. 

But some sakies are also estabbshed permanently either at tbe wells in the midst of the fields 
or on the banks of the canals; they are then surrounded by trees, which protect tbe men and animals 
from the sun. They are established on masses of masonry. The wells of the noria are also of 
masonry; sometimes they also place two, three, or four sakies at the angles of the same well. 
These wells, as all those which are se«n in Egypt, are constructed on wooden curbing, below which 
the earth is removed, causing them to descend as the masonry advances, they are generally of 
brick, and are partially covered by small arches designed to supiwrt the axis of the norias and 
the discharge troughs. 

The large sakies are workedby two oxen, but often a single one is employed or a buffalo; somo- 
timea an ass, Bometimet< a horse, and even a camel. Tbe oxen or bnfialo which work the sakies are 
relieved every three hours. 

It is estimated that the sakie does tbe work of 4 cbadoufs, and that it suffices for tbe irriga- 
tion of 2 to 2J hectares. Under the general condition under which agriculture is carried on they 
require the employment of three buffaloes and two men. 

From a series of experiments made by the French expedition in Egypt it was shown that tbe 
contents of the jars of a sakie being 1,60 liters and the weight of a jar nearly 1 kilogram, the 

* See Plato XX. 
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discharge of such a aalfie varieB from 1,200 to 4,800 liters per honr, accordiDg to the height that 
the wuter is raised, aad this height often reaches 10 aud 11 meters. 

The delivery of these machines is very variable, because the capacity of the jars not being 
generally in proportion to the height raised, it happens for small elevations of level that the 
animal power is not obliged to develop all its capacity. 

Moreover, often for heights of 10 and 11 meters the delivery is still small, on account of the 
rndeiiess of construction of the cog-wheels and the very imperfect adjnstment of the diflereut parts 
of the machine. Thus, iu the experiments cited above, it was found that a borse moving the sakie 
and raising water to a height of 10 meters only effected 718 kilogrammeters a minute. How, 
the power of a horse attached to a lever aud turning at the average speed is estimated in Europe 
at 2,430 kilogram meters per minute; allov^ing the difference in strength between the Egyptian 
horse and the Euro|)ean borse, it is found then that the work of the sakie is not economical. 
While the ox can produce normally tbe work of 2,160 kilogram meters per minute, in raising water 
witb a sakie to tbe height of 10 meters it only utilizes the work of about 700 kilogranimeters- 

Therefore, although the sakie is a cheap machine in construction aud installation, it is of small 
economy in the work accomplished. I^evertheless this machine is the one most used in Egypt for 
raising water. There are aearly 12,000 in the part of tbe Delta comprised between the branches 
of the Damictta and Rosetta, which includes a total cultivable area of 500,000 hectares, and taking 
this ds a basis it is seen that in the whole of Lower Egypt, which has an area of 1,150,000 hectares, 
there are 28,000 sakies. 

Id some places in Lower Egypt and at Fayoum the sakie has nndergone certain improvements 
which make them more economical macliines. The extremity of tbe axes aud tbe pivots have 
been bound with iron, which diminishes the fiictiou, and the chain of jars have been replaced by 
a noria, whose buckets are constructed of ziuc or of wood which are 60 centimeters lon£, 30 centi- 
meters wide, aud 30 centimeters deep. These sakies with a single animal motor suffice almost for 
the watering of half a hectare in twelve hours, while tbe ordinary sakie hardly waters more than 
a quarter of a hectare iu the same time.* 

TaboutA — In the north of Lower Egypt whenever the water is to be raised at least 3 meters 
they do not use the noria, but a wheel around whose circumference are arranged dippers in which 
the water is raised, from which it is debvered into a lateral trough, and from thence to the irriga- 
tion ditch. This wheel is moved in the same manner as tbe wheel which carries the noria. The 
animal motor is generally a buffalo or an ox. 

The water is brought by a ditch to the pits dug under the elevating wheel. The wheel is 
arranged so that the bottom of the trough into which the water is emptied will be at about one- 
third the height of tbe wheel from the top in reference to the level of the soil. Contrary to other 
irrigation machines employed in Egypt, this wheel is made with care and well adjusted. The 
carpenter work is composed of four arms made of four uprights fixed around a hab. The circum- 
ference is formed like that of an ordinary wheel witb buckets — the buckets being replaced by 
simple paddle- boards, whose troughs are completely closed by a circular border, presenting only 
one line of openings arranged along the base of each paddle, one of the lateral crowns only being 
pierced by an opening at the base of each bucket near the interior edge of the crown. 

The water enters tbe buckets by an exterior opening, is raised by tbe movement of the wheel, 
and emptied by a lateral opening into the wooden tank when the bucket arrives near the top of 
its path. 

HYDEAfLlO WHEELS WITH PADDLES.J 

All the precedlng*machiues are uiuvod by mati uud iinun^ilH. 

In Fayoum, where the canals have a very considerable slope, more than in the rest of Egypt, 
they use water i>ower to move the paddle-wheels, which carry on their circumference earthen jars, 
by means of which the water is raised to the level of the land. These wheels are similar to those 
iu the vicinity of Palma, and which are described iu the work of M. M. Aymard ou irrigation in 
the south of Spain. 

■ See Plate XXI, Figs. 1, 2, 3, 4, 5. t See Plate XV, Figs. 1, 2,3. [See Plate XXI, Figa. 6 uid 7. 
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Some of these wheels are placed in the bed itself of the Bahr Toussef, at a point wber» the 
slope of the water-course is almost 50 centimeters per kilometer; they are moved by the force ol 
the oarreut. But most frequently they are established at the head of the canals or on their coarse. 
The canal is then inclosed between two masonry walls which hold the wheel and sup]>ort its axis. 
They use at these points as a motive force falls of water of from 30 to 60 centimeters in height. 
Many wheels are eetablitshed in this manner in batteries side by side or one behind the other. 

The dimensions of these wheels are very variable; generally they are 4.50 meters in diameter, 
are fnraished with twelve paddles 90 ceutimeters long by 60 centimeters wide, and carry a chain 
of twenty-four earthern jars of 7 liters capacity. These make nearly, under these conditions, four 
revolutions i>er minute,-and raise therefore 40 cubic meters of water per hour to an average height 
of about 3 meterH. They can furnish, therefore, in eighteen hours a good watering to one hectare. 
It is estimated that one of these wheels is sufQcient to irrigate for the summer crops an area of 13 
cultivated hectares. 

Some wheels carry two chains of earthenware buckets on each side of the paddles. There are 
besides these wheels of larger diameter which carry as many as ninety-six jars in two chains. 

STBAM-PDllPS. 

For some years the employment of steam as a motive power for works of irrigation has been 
mnch developed in Egypt, thanks to the iucreasiug cheapness of engines and boilers. With a 
6t«am-eugiuo the elevating mivchino is generally a centrifugal pump, more rarely an ordinary pump, 
and exceptionally a drum or hydraulic wheels of some kind. The centrifugal pump is so easy to 
move and pot up that it is most favored. 

The plant most used in Egypt consists of a locomotive engine covered by a small shed or an 
earthen hut covered with an earthen roof; a few paces distant on the bank of the canal the ceu- 
trifugal pump is couuected to the motor by a pulley. There are also, nearly everywhere, ()erma- 
nent machines also working centrifugal pumps; the ordinary pumps are hardly met with in the 
most important and oldest establishments. All these machines and their installation differ 
nothing from those which are foand all over the world; it is then useless to describe them. 

According to ihe statistics collected by the ministry of public works there were in 1882, in 
the whole of Lower Egypt, 2,500 machines representiag a total of 25,000 horse-power, among which 
three hundred and sixty {termanent machines have a total of 6,000 horse-power. 

In Upper Egypt there are in all one hundred and filty machines representing 4,700 horse- 
power, among which there are fifty-six permauent machines with a total of 3,600 horse-power. 

A little less than one-fifth of these machiues are established on the banks of tlie Nile and Dami- 
etta and Rosetta branches; the others are on the bauks of the canals. 

The installation of permanent ma<ihine8 on the banks of the Nile presents great difficulties on 
account of the incessant change of the lesser and even the greater bod of the river. Frequenlly 
considerable plants have been abandoned ou acconnt of the bauks of sand accumulate<l in front of 
the suction of the pumps, it was uecessary each year to dig through these deposits along the 
feeding canal. 

To insure in spite of the vagaries of the river the watering of the sngar-cane plantations in 
the region of the south of Upper Egypt, where summer cultivation can only be carried on by 
raising water from tho Nile by machines, U. Gay-Lussac, administrator of the Daira Sanieh, intro- 
duced the scheme of" placing on a baige a rotary pump of the Griendl system, moved J)y an oscil- 
lating eogiue. The delivery tube is raised vertically, supported by a kind of shears, t« the varia- 
ble height of the banks of the river above the level of the water. This tube is prolonged then 
for a greater or less Icugth in proportion to the distance of the barge from the bank. They can 
also, with a long swing, avoid very frequently giving groat lengths to these tubes; it suffices, in 
fact, to move the boat and place it eaeh year at a place where the river flows near the bank ; a few 
works of connection with the watering canals complete, without expense, this essentially mova- 
ble installation, which U|> to the present has given good results. 

Steam-engines used for irrigation are fired generally with coal, but whenever possible the 
£armer uses as fuel, the stalks or the straw provided by the crops^ or the stalks of the cotton plant. 
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It is calcalated that in Egypt, in ground of mean altitode, it requires 110 kilograniB of coal, 
or290kilogramsof cotton stalks, to water oue hectare. This represents nearly the sum of 5 francs. 
But this amount is very often less than the actual cost, because the engines are badly tended and 
use more coal than is necessary. In 1883 the admiDistratioii of the domains of the Egyptian 
state calculated that it had, during the year, irrigated by steam a surface which, multiplied by the 
nnniber of waterings, represented an area of 102,817 hectares, irrigated once only. For such a 
number of waterings the average expense for coal, oil, etc., was 3 francs SO centimes for one water- 
ing per hectare, or for the elevation of 700 or SOO cabin meters, which represents a quantity of 
■water necessary for the watering of one hectare. 

Expense to the farmer for raising water. — The necessity of raising water is one of the heaviest 
charges which is imposed on every farmer in Egypt, and every project for the amelioration of irri- 
gation in this country shonld have as its principal end the abolition, as much as possible, of the 
elevating -machines. The necessity of working the sakies, in fact, forces the peasant to feed a 
number of animals, which are costly to maintain on a soil where natural pasturage doe^ not exist, 
and which badly fed arc of no use, and besides are of almost no other utility than for the work of 
watering, and whicli, weakened by fatigue, are without strength to resist epizooty, so frequent in 
this country. On the other hand, if the fellah, for want of animals, desires to use steam for rais- 
ing water, he needs a large amount of funds to buy and install the pump and engine, and if ho is 
notable to bear this expense he finds himself given over without mercy to his richer neighbors, 
who use him and oppress him at the time of the drought, and extort from him a part of his crops, 
allowing him to save the other part by a scanty watering. Some owners of machines go so far as 
to force the small farmer to pay more than 50 francs to one hectare; they always demand for their 
pay one-thir<l of the crop. In many regions the price paid for watering by steam is 25 francs per 
hectare by the unfortunate small proprietor; this is the usual price, although it is at least five 
times greater than the actual cost of raising water. 

II. AUTHOEITY FOB ESTABLISHIKO BLEVATING-MACHINB8. 

In Egypt every one places, without authority, at his watering ditch or his field on the borders 
of the Nile or canals the chadoufs and sakies which he thinks necessary for his crops, and moves 
them as may be required. It is not, however, the same with the more important elevating-maohiQee. 
The establishment of these machines is regulated by the decree of the 8th of March, 1881, vbos6 
principal articles are shown below: 



DECRRB A 



) RROULtTtOXS CONCRRNINQ 



ir for irrigation is TorbiddoD, whether these mAohinM 
IT power, or by the wind, withont previotuily obtein- 



Abticlb 1. The CHtabliHUinentofDiachiQea for elevating w 
are fixed or uiovabie. whether they are moved by Hteatn or by w 
ing the anthorlty of the miuistry of public works. 

TliiH authority duoa nut give to the benificiory proprietor the right, to any extent whatever, over the Imiid of the 
state, either publlo or private, or land crossed by syphons, onlverls, or oqiiedncta for obtaining water or to snpplf 
pnmps. 

The Oovernment is to remain exempt in all controvenies between third parties and the beniBclaries, and the 
latter are to be responsiblo for all acts, damaging or otherwise, by the installation, or in any manner. 

ArticlkS. Theeatabltshmeutof fixed machines will only be allowed on the bank of the Nile. However, the min- 
istry of pnblic works will allow their exceptional establisbment on certnin oudaIh. The miiiistry remains sole Jndge 
of the necessity uf tbisanthority, and it reserves entire liberty to impose, neoordingto the case, the charges and con- 
dltious to which it will be BiibJocl«d. 

Articlr 8. Every elevating. machine, fixed or movable, is subject to the general obligation of leaving oatirely 
&oe all commiinicatioD along the dikes and canals, of respecting all works, and not interfering in any way with the 
repair of theHU dikes and canals, and the protection of the country against innndation. 

Artici.r 4. The neglect of any comlition or obligation imposed by the anthorit; for establishin); an olevating- 
machine forfeits entirety this authority, withont pn^udice or recourse, while the Oovernment reserves to itself the 
right of repairing the damages and reimbnrsiiig the state for the expense. 

Artici.k 5. Installations antboriioil at a particular place can only be moved by a new anlbority, without pay- 
ment for the Dew right. 

Articlk G. The Government reserves the right, on account of public utility (exeontion of pnblic works, danger 
to diked, works of skill, etc.}, to remove everj- authorized installBtion. 

Abticlk 7. The anthority given to install a fixed or movable elevating- mac bine gives the right only to the grantees 
making an installation to take water from the oanal or from the Kile. It does not bring any obligation to the Oov- 
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it of insDciDg the constant Hiipply of the miwhine. For ooodnoting the water furoiubcd b; the mBohiiie the 
grantees moat have an understanding with the society of owoen whose lands tbey will have to crow, without the 
intervention of the GoverouieDt. 

To pans the wnter across thennaoDapiedlaadsor over the lands of the QovDmmeat the granteeawiU be furnished 
with a ipecial autburity. 

Ditchca for bringing water are forbidden along the dikes of the canals aad the Nile, as well oa along the bnuka 
and~Hlopea i>f lliese dikes. 

Article 9, The ditches or conduits for bringing tlie water of the machine to the land will be established so as 
to binder in no way public travel, and the passage of water of drainage and irrigation ahaU bo subject to the reserved 
rights of proprietors, to whom the grantees alone remain reapoosible. Tho Govenimeut requires for passage under 
the Jiken aud roads above and below the canals all tho works which it may jndge proper. 

Artici^ 9. For the general benefit in the case of exceptional low water, or when the discharge of the canal tw- 
couies notably leas than the needs of the crops which it serves, the senice of tho public works may, either for the 
whole canal or for a single level of the canal, determine the reduced diwbarge, or, if it is necessary, temporarily stop 
the machines, according to the relative importancoof the works and theland which they wat«r, without, in this ease, 
the Govemuient taking any responsibility for damage caused to the crops. 

ABTIC1.IE 10. By authority of article 7, the ministry of public works may, in exceptional oases, authorise the 
nae of a Nili canal (cuual of inundation) for conducting the water from the olevating-uachiiies to the land to be 
watered; that is, HUiliir the following restrictions; 

(1) This permission will only bo good in seasons of low water, and will I«rminat« then when the water of the Hile 
can freely enter the canal. 

(3} It will only be accorded when the proprietors of tho land which have tho use of this NiU canal have given 
their general assent to this purmissioo. 

(3) If dikes for holding up the water at the mouth of the canal or on the course of tbeNili uanal aro built they 
will be of earth, aud must be raised at the eziiense or the proprietor of the machiue, if necessary under the suporvtsiou 
of the authorities, but at the cost, risk, anil peril of the proprietor, before the water of the Nile can freely enter into 
th« canal. 

(4] Finally, the proprietor of the machiue is alone responsible to the farmers for every damage occasioned by the 
mptare of dikes, iuflltration, aud delay in raisiug the dikes at tho time of supply. •- • • 

Abticlb 13. The proprietors of the elevatiug machines are resiionsible for accidents or damages which may be 
ooeasioned by these machines. 

The Oovurnment reserves, however, the right to exercise, in the public interest, the supervision of the working 
of the machines, without freeing the proprietors from the reaponsibility incumbent upon Ihem. The cost for obtaining 
aothorit.y for establishing machines are,* ttrst, the liied sum of 2G francs per machine fur expense of examination; 
oeoond, the charge of 13 francs per horse-power, the sum never being less than litO &ancs. 

III. Inlets. 



The decree given abuve is, so to say, the only law for regulating the distribution of the waters 
of irrigation in Egj-pt. 

Thus, ou the one hand, the Government delivers the water in the canals at the level and the * 
discharge which it judges proper, aud it maneuvers at its pleasure tho regulating works; on the 
other hand, the cultivators place on these canals, as many as they desire aud at the places which 
suits them, their sakies aud ehadoufs. 

When it is a question of raising water from canals with steam-pumpa, the Government always 
determines whether it should interfere to regulate the jiositiou, power, aud discharge of these 
maebines, lest these i>owerful machines may dry up the caual and bring trouble to the general 
diatnbutiou, aud it interferes also when the proprietor wishes to establish a fixed inlet. 

The private inlets are generally of the greatest simplicity. The most rudimentary and most 
numerous consist of a drain cut in the banks of the eanal, sometimes 5 or 6 meters in depth below 
the crest of the dike, a drain whose sides are maiutained vertically ou account of the stiffness of 
the mud. These trenches are barely covered by light branches, which serve for bridging them, 
and they create along the dikes great obstacles to travel, because iu Egypt the banks of the 
canals are almost the only existing public roads. The administration has not yet imposed on the 
cultivator the obligation of substituting for these too primitive inlets the employment of iron 
or clay pipes. This kind of inlet serves everywhere for tho sakies and ehadoufs and centrifugal 
pumps moved by locomotive engines. 

'These charges are fixed iu Egyptian piasters and pounds. The piaster is worth nearly 26 centimes, and ths 
poand 36 francs. These arc the values adopted in this work for changing Egyptian mouey to French. 
a. Mis. 134 6 



82 



lERIGATION IN EOYPT. 



For the fixed machines and for the important inlets drawing from the water level, masonry 
conduits are built, with fermetures made of turning-gates or needles. These works are constructed 
by authority under the supervision aud ctmtrol of Government agents. 

Utherwise there is nothiug special to mention ou the subject of inlets, the regulation of their 
discharge being a thing unknown iu Egypt. 

rv. Watbbino Canals, 

As soon as the water has arrived in the trench the cultivator conducts it to the entrance of 
his fields, which he has carefully prepared so as to be able to spread the water over their whole 
surface. 

Generally the soil is so level that there is no need of great labor to level it and render it fit for 
irrigation. When it is necessary they employ an instrument like a wheelbarrow, without wheels 
and without legs, furnished behind with two handles. An ox or a buffalo is fastened in front, a 
man holds the handles behind and bears ou the box so as to Rcrape off the earth with the front 
border, which is much inclined and covered with a strip of iron. The box is filled with the prod- 
ucts which are scraped up, and by a single movement of the lever fastened to the handles the man 
empties it into the low places. This is nsed in almost all irrigated countries. 

When the ground is thus planed down the watering is accomplished by different methods. 

Generally the soil is divided by small ditches into squares of 30 or 40 meters in area; then 
they are submerged successively for a few centimeters in depth. This method ia employed for the 
watering which is given before the crops are up or even sown, 

Later, when the crops are np out of the ground, the watering is done according to the nature 
of the crop, either in the farrows serving as ditches or by submerging the squares, as above men- 
tioned. 

For rice fields the water circulates continnally in a series of successive basins separated by 
small earthen dikes. 

In other respects the method nsed in Egypt for the employment of water for irrigation pre- 
sents no special peculiarities worthy of mention and does not differ from those which are employed 
in all flat coantries. 



CHAPTER VII. 

CROPS CULTIVATED IN EGYPT. 



OnoFS-ilAyAaEHENT CF TBB LiND-FBRTtLlZBKB-METBOD OF FABXINa TBE LAS^D. 



In order to appreciate the rdle that irrigation plays in the coautry, and what advantages it 
eecares for it, it is IndiHpensable to know the kind of crope which are cultivated aud the method of 
management of the land. This chapter ha^f'or itfi object a few summary indications conceruiugtbe 
different kinds of plautH which are cultivated in Egypt, and cBpeeiallyto point out the peculiarities 
which perutin to the time of sowing and watering, and of the harvest, and to the profits from the 
land, and to the distribution of the crops. 

There are no agricultural statistics in Egypt which allow an estimate of the fertility of each 
province, and we know how difficult it is to obtain, in every country, from fanners exact data on 
this subject. In what follows, the deductions which [lertatn to the returns from the lands have 
been furnished by the aunual rejiort of the atlmiuistration of the domains of the state and Diam 
Sanieh, whose properties are scattered throughout the different regions of Egypt ; * they may be 
considered as representing an average for the whole country, altboagh tliey have been notably 
lower than the data geuer^ly accepted. 

I. Crops. 

Wheat. — Wheat is a winter crop ; it is sown after the flood or about the end of October, or in 
the month of November, according to the locality, and the harvest is made toward the end of 
March or in the month of April. 

In the inundation basins they sow on the ground while it is yet muddy, then tbey roll the soil 
with the trunk of a palm tree, merely to cover the grain. Sometimes, when the sowing is done in a 
soil of more consistency, it is worked after the sowing. They do not water the lands before the 
harvest. 

In the irrigated lands the iirst working is done before the sowing and the second one after- 
ward. The land hsm been watered and washed with the flood waters before the first working; 
they give afterward but two waterings, the first sixty days and the second ninety days after the 
sowing. 

In high lands which only receive the wat«r of the flood they sometimes give four, five, and ■ 
even six waterings. The wheat cultivated in Egypt is a kind of hard wheat containing mach 
starch. 

The quantity of seed employed on an average is l.TO hectoliters per hectare in the basins, and 
from 2.10 hectoliters to 2,30 hectoliters in Lower Egypt, 
" The produce of the harvest may go ae high, in the better lands, as 24 to 23 hectoliters per hec- 

tfoe; but the average is much less than this amount, and, according to the rei>ortH of the admin- 
istration of the domains of the state, which refer to 145,000 hectares of crop, scattered throughout 

* The Duit of arable aarface adopted in Egjpt ia the FeddaD, which U about 4,200 square maters. 
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the Thole of Lower Egypt, the amonnt prodaced per hectare of wheat in the last tlve years has 
only been on the average 14 hectoliters aud 40 liters. 

The mean price of a hectare of wheat being 12.20 francs, the gross product of a hectare is 176 
franca, to which should be added the price of the wheat straw, which is carefully gathered for feed- 
ing the cattle, and even for fuel for the steam irrigatiou machines. The quantity of straw is neariy 
90 kilograms per hectoliter of wheat, which represents about 1,300 kilograms per hectare, at 1.50 
francs per hundred kilograms, or 20 francs per hectare. The total gross product of a hectare of 
wheat is then, on an average, 190 francs. 

The thrashiug of the wheat and the chopping of the straw is done with a very peculiar 
machine called noreg, in the following manner. The wheat is sprea4.1 in a circular zone upon a plat- 
form of hard earth ; a pair of oseu or buETaloes pass over the circular space thus laid out, dragging 
a kind of wooden chariot corai>osed of a seat upon which the driver sits, mounted on two wooden 
wheels furnished at intervals with projecting disks of sheet-iron ; the [lassage of these disks, upon 
which the noreg rolls, aud the treading of the animals separates the grain from the husks, and at 
the same time breaks the straw. , 

Barley. — Barley, like wheat, is a winter crop which is very extensive in Egypt. 

In the most southeru part of Upper Egypt, to the south of the regiou of the basins, they sow 
it at the end of November, after having given the land a first watering and divided it into squares 
by small dikes, and submerging it by means of chadoufs and sakies. They iire obliged to water it 
artificially the entire time that the crop remains in the ground, or until the end of March. 

in the basins barley is cultivated like wheat in the inundated lands, after the land has become 
somewhat dry, with one working or without any working, according to circumstances ; but when 
no workiug is made they are obliged to iucrease the quantity of seed. 

In the Delta the cultivation of barley goes on like that of wheat, and at the same time as the 
latter, after the flood and with two or three artificial waterings, 

The quantity of seed employed varies from 1.10 to 2.20 hectoliters per hectare, according to 
the nature of the ground. 

The product of the harvest is very variable; it may go as high, in certain places, as 30 hec- 
toliters per hectare; but most frequently it does uot exceed the half of this; for the large farms, 
comprising lands of every kind, they can not count on an average of more than 10 hect^pliters per 
hectare. 

The average price of a hectoliter of barley, during late years, has been 7.50 francs. 

A hectoliter of barley corresponds to nearly 75 kilograms of straw, which is worth on an 
average 1.30 fraucs a hundred kilograms. 

The gross product of a hectare sown in barley is then, on an average, 88 franca. 

The barley is mostly used for feeding cattle. 

Indian com and dourah. — Corn and dourah, a kind of sorghum, are two ]ilanta which play a 
special rdle in the agriculture of Egypt, in the sense that they are those which furnish for the 
peasant the greater part of his food. Also, they arc cultivated throughout the whole expanse of 
country, and as they are crops which mature quickly, they are used in this ooantry for intermediate 
crops, between the summer and winter crops. 

Corn only remains, on an average, three months in the ground. 

In the regiou of the basins they cultivate corn either in the high grounds, on the banks of 
the Nile, or in certain low parts of the basins, where they are able by digging slightly to meet the 
infiltration water, which they raise by means of chadoufs to the surface of the soil. lu this latter 
case the sowing is doue in the mouth of May in order that the harvest may be gathered about the 
end of August, when the basins are rehlled. iu the first case the sowing is done most frequently 
at the end of August, at the time when the water of the river is already sufficiently high to facil- 
itate watering. The flood always reaches a level suflBciently high so that the roots of the croi>8 are • 
entirely submerged in the water for some days; this diminishes the expense of irrigation. 

For this crop they divide the land, by small dikes, into squares of 25 or 30 meters in area, and 
they sow the grain in ditches 10 centimeters iu depth ; they then cover tlie grain aud begin water- 
ing. They give water at first for a few days iu order to moisten the land and to hasten germins' 
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tion, theu they water regularly every eigbt or ten days. These crops are troublesome, becaase, 
being made at the time of greatest heat, they reqaire much wator. 

In Lower Egypt, and in all the irrigated lands, com is always cultivated, either as a spring 
crop, sown in May, or as an autumn crop, sown in August. 

They also arrange so that the sowing generally takes place at the time when the watering 
may be made by chadoufs or without watering machines, and as much as jiossible wlthoot sakies 
and without steam pumps, because these are crops which should be worked with economy. 

In the regions of irrigation, as the method of agriculture here is more exactiug tban in the 
basins of inundation, it is necessary to hasten the development of corn witb fertilizers, in order 
tbat the plants may remain as little as imssible in the earth and give place to other crops. They 
employ for this purpose the asbes and earth taken from the ruins of old cities and tbey spread 
about 7 or 8 tons per hectare. Tbey then work the laud and they sow in hills or in furrows, then 
divide the fields into squares, as has been mentioned above, and give one watering every fifteen 
days for from two and one-half months to three months, or about six waterings. 

The quantity of seed employed is a little less than one hectoliter per hectare. The prodact of 
the harvest is very variable; tbey may obtain as high as 25 hectoliters per hectare in the good 
lands, and as a mean for Egypt about half, or 12.50 hectoliters per hectare. 

The average price is 8 francs per hectoliter. 

The corn stalks, used principally to burn under the boUers of the steam-engines, sell at 0.45 
francs a huudi-ed kilograms, and reiirewent for the product of 12.50 hectoliters per hectare a weight 
of about 900 kilograms. 

Tht) gross mean product of a hectare is then, including stalks, 104 francs. 

All that has been said of corn applies almost exactly to dourab ; it is not then necessary to 
mentiou especially this plant, which is entirely similar to corn in its method of culture and as to 
its product. 

Rice. — The culture of rice is carried on only in the north of Lower Egypt. In this region the 
lands are low they can therefore be easily watered. To raise the water, in case it is necessary, 
they employ tabouts, and according to the height to be raised they place from 1 to 3 of these 
wheels to 4 hectares. 

The rice is cultivated in summer; it is sown at the commencement of April; the qnantity of 
seed employed is 1.70 hectoliters per hectare. 

The ground before being sown is covered with water for some days ; they then^work it in two 
directions, at right angles. They submerge the soil, roll it, wet it, divide it into basins by small 
dikes, and finally throw the seed into the mire which is formed by these operations. Two da.vs 
after the sowing they recover the laud with 5 centimeters of water for two or three days, they then 
allow the water to drain off; they renew it, and rei>eat this until the hiuvest. Frequently they 
give water iu too great quantities. They weed the rice fields from time to time. 

The harvest takes phiee about the middle of November, and since at this time of the year there 
ia much water over the low lands it is always made uuder 25 to 30 centimeters of water. 

As soon as the rice is harvested it is thrUKhed and hulled iu special mills. It is estimated that 
5 hectolitres of hull rice give 4 hectoliters of clean. 

The mean product Is 1,800 kilograms of hull rice per hectare; it is, however, very variable and 
may reach double this quantity. The average value of rice iu Egypt is 18.25 francs a hundred 
kilograms. A hectare of rice produces besides 1,000 kilograms of straw at 50 centimes a hundrad 
kilograms. 

The gross product of a hectare of rice is then, on an average, abtmt 333 francs. 

Sugarcane. — Sugar-caneis the most important summer crop of Upper Egypt. It only grows in 
irrigated lauds, and only prospers iu a soil of good quaUty. Thus iu certain parts of the Ibrahi- 
mieh region and of Fayonui, where it grew formerly, they have been forced to give up its cultiva- 
tion, because the soil not having sulficient drainage has becuaffectetl by the salts, and the product 
has become t«o small iu conseiiuence of this circumstance. At present there is no cultivatiou of 
Hogar-cane except in the northern province of Beni-Souef, and it is one of the departments of the 
Government, called Daira Sauieb, which produces it in great quantities, and which has the most 
important and numerous plants for eztractiug the sugar. 
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This admiiiiBtration organizes its crops as follows: 

The laud is broken up as much as possible by a steam-plow, after which it receives three croas- 
workiugs, 8oiu«timeH only two. These operations are carried on from the tuunth of March to the 
mouth of November of the followiugyear. 

In Noveml>er they make furrows luv planting with a hoe or with a plow ; these furrows are 
about 15 ceutimeters deep. The piiintiug is generally in lines, by laying in the furrows cuttings 
from 40 to 50 ceutimeters in length, in two rows in quincunx order. These cuttings are then cov- 
ered up with a hoe. They plant in this way the cane at the rate of 500 kilograms of stalks per 
hectare. This planting is performed in March or April. 

After placing the cuttings in the furrows they immediately give one watering; thea the 
waterings succeed each other every ten days until the end of August; from this eijoch till the 
end of October they only water every fifteen or twenty days, according to the appearance of the 
crop. After October they do not water the crop before the harvest, which takes place from the 
eud of October to the 15th of March. 

The cane after one cutting is still able to produce good stalks the following year ; thus they 
avoid the expense of working ami planting. The only treatment to be given to the land in this 
ease consists in throwing the earth up against the plant with a plow when the shoot is about the 
height of 15 or 30 centimeters. As soon as the cane matures it is cut and carried on the backs of 
camels to the agricultural railroad, which crosses the properties of the Diara, then placed in cars 
and transported to the sugar-milts, where it undergoes the usual operations. The produce of a 
hectare is very variable, according to the quality of the ground and the abundauce of waterings. 
Some lauds give as high as 62 tons of cane per hectare, but the average is only 23 tons. 

The average returns of sugar from the cane of the Daira Sanieh is about — 

Sngarr 

Firet throw 5,8 por cent, of the weight of tlie ci 

SucoDd throw 1.73 peruunt. of tho weight of theci 

Third throw 0, 5)1! por cent, of the weif;ht of the ci 

Total B, 05 per oent. of the weight of the oi 

Molasses I.OCJ percent, of the weiglit of the ci 

Total 10.03 

The selling price has always t>een falling daring the last years ; the average has been : 

ForlOO kilograiua of sugar: Fmnci. 

First thruw 50,39 

BeooDd throw 38.47 

Third throw 31.81 

For 1 kilogram of alcohol , , . , ..,.,. .,.,,. 0.75 

For too kilograniB of mulaisaeH 5.00 

The average product of a hectare planted in sngar-cane tbea is, after manufacturing and 
delivering the sugiir at the place of sale, that is at Alexandria, about 1,020 francs. 

Clover, Oreek fennel, vttcH, field pea*. — Ulover is a fodder of very common use throughout the 
whole of Egypt. It is cultivated during the winter and also during the autumn. 

In the latter case, they sow it in the corn during the month of November, about one month 
before the maturity of this latter crop. They thus utilize the watering of the corn, and as soon as 
this crop is gathered it sufl)<MJS to give one watering to the former before cutting, which is done 
fifty or sixty days after sowing. They use about 90 liters of seed per hectare. As to the winter 
clover, in the basins they sow it without working, in the inundation lands, in the month of Novem- 
ber, at the rate of 100 and 110 liters of grain per hectare. They roll the soil with a trunk of a 
palm tree, and make the first cutting at the end of forty or forty-five days; the second thirty days 
after that. In the portions where they wish to harvest the seed they only make one cutting. 

In Lower Egypt the winter clover is sown about the same time, or in November, after one 
working and one rolling, and one division of the land into squares by small dikes. They use 110 
liters of seed per hectare. They generally make three cuttings ; the flrst sixty days after sowing, 
the second thirty days after that. The harvest remains then in the ground atwut four and one- 
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half moutlia. Sometimes they only make two cuttiDgs, Fiuallf , very ft^aeotly the difTereot 
cuttings are eaten, while still growing in the fields, by the cattle. 

It is seldom in Egypt that they give green forage to aniuiala more than two to two and one- 
half montlis iu winter, ami it is estimated that ten osen consume nearly a hectare of green clover. 
The cattle contribute at the same time to enrich the lanO on which they pasture ; bat the greater 
part of the manure is collected to be dried and made into fuel. 

A crop of clover requires on an average eiglit waterings, or almost one every fifteen days. 

lo the region of the ric« fields clover ia sown immediately after the harvesting of the rice, or 
abont the end of November, without any other preparatiou of the soil than covering it with a few 
centimeters of water for two or three days. 

Vetches and peas are cultivated everywhere in Upper Egypt, Tbey reap this fodder at the 
end of sixty days, to be feed green. 

The Greek fennel, or helve, is a foreign plant, whose grain is edible. It is a species kindred 
to the melilots. It is cultivated like clover. They pull it sixty or seventy days after sowing. 

Beans. — The bean is one of the plants which prosper best in Egypt; it is also very extensive 
bere. It is a winter crop. 

In the basins they sow it on the inundated lands at ibe beginning of November without work- 
ing. The harvest is made in February, or at tbe end of three months and a half. The quantity 
of seed used is from 3 to 4 hectoliters per hectare. 

Iu Lower Egypt beans are also sown in November, after the flood, at tbe rate of S hectoliters 
to Ihe hectare. They give one working to the land before sowing. The seed is most generally 
placed in furrows; tbey then level the ground and divide it into squares by small dikes. Two or 
three waterings in all sufllce for a crop of beans. 

The bean is cnltivated as food for man and animals. 

The product of a hectare of beans is very variable; it may go as high as 20 or even 25 hec- 
toliters of beans in good lands, but on an average it will not amonut to more than 11 hectoliters. 

The average price is 11.50 francs a hectoliter. A hectare of beana affords besides about 80 
kilograms of straw per hectare, at 75 centimes a bnndred kilograms. 

The gross product of a hectare of beans is then 123 francs. 

Lentils, chick pean, loupins. — Lentils, chick peas, and loupins are cultivated during the winter, 
lentils iu much greater abundance than the other two plants. 

The time and method differ little from those which have jnst been mentioned for tbe caltare 
of beans. 

Lentils remain in the ground about four months, loupins five, and chick-peas seven months. 

They use from 100 to 200 liters of seed per hectare, according to the nature of the soil. 

The product of a hectare may be as high as 25 or 26 hectoliters in good land, but the average 
for Egypt is much lower for lentils. In Upper Egypt it is seldom more than 12 to 13 hectoliters 
per hectare. 

The price of a hectoliter of lentils is on an average 10.80 francs. 

Cvtton. — Cottou has become since the war of accession iu the United States one of the prin- 
cipal crops of Egypt, but the time has passed when the high price of this product enriched the 
country. It is the most important of the summer crops. It is hardly made except iu Lower 
Egypt; however, it is beginning to be developed in the province of Beni-Souef, to the north of 
the region irrigated by the Ibrahimieb canal. It is a costly crop, because the time at which it 
demands tbe most water is exactly that when the water is lowest in tbe canals and when the 
drought ia the greatest. 

Cotton is sown about the month of April and it ia picked about the month of November. The 
kinds cultivated in Egypt are generally of short and flue flher. 

The land is prepared by three or four workiugs; then Ihe clods are broken up; they then 
make furrows in which are placed the seed, at the rate of 75 litres |>er hectare; then tbey divide 
the ground into squares by small dikes and lay out the ditches for water. 

Cotton requires eight or ten waterings, or one every fifteen days. 

Some days after the new plants have sprouted they clear it out by a second tilling, then fonr 
timea at least they cat out the bad plants. 
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The picking is done as the bolls mature. Tbe cotton whicli is tlias obtained is placed in sacks 
and carried to tbe gin. Here the fibers are separated from the hulls. For this it is only necessary 
to pla«e the cotton before two parallel cylinders moving iu opposite directions and near «noagli to 
draw tbe fil>er without allowiug tbe seed to pass. 

Ttie cotton thus obtained is then made into bales and sent to the aea-i>ort, where it is com- 
pressed iu the hydraulic press before loading on the vessel. 

An lor tbe cotton seed, that serves for sowing tbe second year or is sold to be made int« oil. 

Finally, the stalks of the cottou plant are used for fuel for steam-engines. 

Iu tbe first years of the cullure of cotton in Egypt Ibey calculated upon a retorn of 600 to 700 
kilograms per hectare, and tbcy still obtain tbis iu tbe best lands, or iu thos^ litnds which bave 
not been weakened by summer crops. But, eitber Ijecause the seed is no longer of good quality or 
the manure given to the ground is not sufilcient, tbe retnru from cottou is much less to day tban 
the above indicated amount. This plant besides has to straggle against two enemies which cxeate 
great ravages. In the first place, the fogs which often rise in tbe moruing, duriug the months of 
September and October, preveut the cotton from maturing ; and in the second place, a jieculiar 
caterpillar, which destroys the entire crop and against which they have strived almost in vain to 
protect themselves up to the present. 

They can oalonlate ou a mean product of not more than 300 kilograms of ginned cottou per 
hectare. The crop of 1886 gave 370 kilograms per hectare. 

The mean selliug price for late years has been 154 francs per hundred kilograms, but this price 
tends to fall more itud more. 

A hectare produces ou an average 10 hectoliters of cotton seed, which is sold at the rate of 9 
fVsncs a hectolitie. Finally, it produces 300 kilograms of stalks per 100 kilograms of cotton. These 
stalks are worth 54 centimes per 100 kilograms. 

Thus the gross ]>roduct of one hectare sown iu cottou is: 

3D0 kilograms of t:ottoD, at IM fcancB a hundred kilograms 402.00 

10 hectoliters of seed, at 9 francs a hectoliter 90,00 

900 kilogrania of otolks, at 54 centimes a hundred kilograuB 4.66 

Total 556.86 

Various crops. — The plants of which we have Just spoken are those whose culture is the most ex. 
tended throughout Egypt, but there are besides others whose production has not been of much 
importance up to the present. Tbey are principally : 

For textiles, tiax, which is sown in December and harvested in April; and hemp, which is a 
summer crop. 

For oleaginous plants, lettuce and sesame. 

As dye plauts, indigo and cartbamas, whose fiower is used for the dye aud the seed for tbe 
manufacture of oil. 

Finally, tobacco, which is cultivated generally in tbe autumn after the fall of the water. 

II. Makagemeni' op the Land. 

The rotation iu the inundation basins is very simple, the land here only bearing one crop a 
year. They attcruate most fi-equeutly a crop of wheat with a crop of beans or lentils, or with clover. 
Tbey sometimes make two crops of wheat iu succession, and sow only iu the third year barley and 
tbe forage plants, such as lentils, beans, vetches, clover, etc. Finally iu other regions tbey alter- 
nate wheat aud barley with forage plants. In the interior basins, in tbe low lauds easily watered, 
or ou the banks of inundation basins, they alteruate crops of eugar-caue aud Indian corn in the 
spring-time, but ordinarily tbey do not cultivate these crops two years iu successiou on the same 
grounds. These crops disappear before the flood, aud the winter crop succeeds them. 

In the elevated portion of the region of the basins, which are not inundated, as along the Nile 
banks, tiiey apply, in the large properties, rotations which are used for the lands where irrigation 
is regularly practiced, and they water them by steam. But for small farmers the culture of cotton 
aud the sugar-cane is too costly aud too di^cult in tbis part of Bgypt, ou account of the great 
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lieigbt to wLicIi tbe water is to be elevated ; thei«fore, they are content to vater only the land which 
borders tbe river, and they here alternate donrah Id the spring and in the aatamn with winter 
crops. 

In the region of irrigation for example, in Lower Egypt and especially where the land receives 
water duriog the whole year, tbe alternation of urops almost entirely adopted is a triennial alter- 
nation, comprising for tbe first year tlie summer crop, tbe second year a winter crop, and the third 
year a winter crop, to which succeeds an autumn crop. TLus for tbe good lands of Lower Egypt 
they apply the rotation of crops as follows : 

Tbe first year, cotton. 

The second year, half beans, a quarter clover, and the remaining quarter in the different winter 
crops. 

TLird year, wheat during winter, then, at the moment of the Sood, corn and donrah, with one 
cutting of clover after tbe donrah. 

In 1883, for an area of 40,000 hectares, situated for the greater part in Lower Egypt, tbe 
administratioD of the domain of the Egyptian state made a double crop on 7,000 hectares; they 
then in reality cultivated this year 53,000 hectares. V\mu this whole area a proi>ortion of 67 per 
cent, was cnltivated iu winter crops and 3L.7U per cent, in summer crops. 

Thus the product of the summer crops require about one-third of the cultivated surface. 

In 18S6, according to official statistics, 346,967 hectares were planted in cotton in tbe whole of 
Lower Egypt; this corresponds to 30.15 percent, of the total cultivated surface of this region. 
The lowest proportion was in the province of Galoubieh, where it only reached 19.79 p>er cent. 
This inferiority to tbe other provinces obtained for Galouhieb because tbe land here is too high, 
and because tbe elevation of water duriog low water is too costly, and for the province of Bebera 
on account of tbe water supply in this province. 

As to the winter crops, we may have an idea of their distribution in Lower Egypt from the 
figures giveu below for the harvest made daring the winter of I884^'85 in tbe provinces of tbe 
Delta proper, Meuoufieb and Garbieb, and taken from statistics collected by tbe inspector of tbe 
irrigation of this region : 

Flux 638 

Vegetablea 3,708 

Wheat 136,106 

Barley 72,658 

Beaus <7,838 

Clover 79.611 

Total area in winter oropa ^ 339,756 

The total cnllivable area being 600,000 hectares, it is seen that the whole of tbe winter oropa 
occupy 68 per cent, of this area. 

In tbe region of the Ibrahimieb or Bamadi canal, that is to say, tbe irrigable parts of Upper 
Egypt, where tbe cultivation of sugar-cane is very extensive, the ordinary rotation of crops on the 
five years rotation is thus arranged : First year, the preparation of tbe soil ; second year, sugar- 
cane; third year, second crop of sugar-cane; fourth and hfth years, winter crops, either wheat, 
beaus, or clover, for the greater part. 

Iu tbe same places, iu irrigated ground where sugar-cane can not be cultivated, tbe regimen is 
biennial, wheat and beans alternating lor the most part; iu certain portions of Upper Egypt len- 
tils and chick-peas partly replace beans. In every cose tbey reserve each year tbe area necessary 
for tbe cultivation of clover intended for forage for the animals. 

The Daira Sauieb, which owns 94,000 hectares in tbe provinces of Upper Egypt, where sugar- 
cane can be cultivated, raises it annually on 13,000 hectares, about an area equal to 14 per cent, of 
the total area. 

In the northern portion of tbe Delta, where rice is cultivated, the rotation varies according to 
the quality of tbe soil. 

Upon bad lauds and those inpregnated with salt they cultivate rice every year, this crop l>eiug 
considered as a betterment, aud the abundance of water it requires produces from time to time a 
very effective washing of the soil. 
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When the lands are jioor they cnltivate rice one year, and the next year, in winter, they plant 
wheat, barley, or clover. 

Finally, when the lands are of good quality, they raise rice the first year, the two following 
years a summer crop, that is to say, cotton and one winter crop, with an intermediate crop of 
donrah in aiitnmn, with a rotation every tbiee years similar to that which is mentioned as generally 
employed in Lower Egypt; the fourth year they return to the rice crop. The summer crops are 
made either the second or third year. 

HI. Fehtilizebs. 

The water and mnd of the Nile are almost the only fertilizers which the soil of Egypt receives. 
The farmer adds, in fact, few fertilizers, and it may be stated that if he employed them in greater 
qnaiitities he would increase notably the product of the soil and the qualily of the product. 

Thus in the parts of the basins where they make only winter crops after the iunndatiou it may 
be said that the use of fertilizers is unknown. The only manure which is given to the ground con- 
sists of the droppings of the auimals which graze in the clover fields. 

However, on all the lands where they cultivate dourah, and especially on those where the sum- 
mer crops are made, they spread a little fertilizer, but the quantity is geuerally too small, and the 
practice of manuring the land is not sufficiently developed in this country to well indicate the pro- 
Iiortion of different materials which produce the best re-sults for the crops. 

The fertilizers which are most used in Egypt are the manure of the farms, pigeon manure, and 
the dust procured from the rnius of old cities. 

The farm manures are not abundant, on account of lack of pasturage during the greater part of 
the year and on account of the necessity which this lack imposes on the farmer of restricting as 
much as possible the number of auiinals which he raises. 

The pigeon manure is provided by the great numl}er of pigeons which are in the country. The 
active principals which it contains are nitrogen, phosphoric aoid, and phosphate of lime. Accord- 
ing to analyses which have been made at Paris by M.Gastinel Bey, under the direction ofPayeu, 100 
grams of this pigeon manure contain : 

Nitrogen SAY.! 

Fboaphorio acid 1.67 

PhoHphateof lime 3.63 

The numerous mounds which the traveler goes in passing through Egypt, and which mark the 
places of ancient cities and villages, fnrnish two kinds of fertilizers: in the first place, the salt- 
peter materials, which bold as high as 6.50 grams of nitrogen and pottish, and in the second place 
a kind of earthy fertilizer wGlch contaius in lUO grams of material, according to the analysi^s of 
M. Gastioel Bey, about — 

Nilrogeo 0,88 

Phosphoric acid 1.27 

Phosphatoof lime 2.ar. 

Potash amiaoda 2.25 

These products, provided by the detritus accumulated by time and atmospheric influences in 
the ruins of old cities, are carried to the fields in a pnlverulenc condition, which facilitiites the 
assimilation of their active properties. In the mouuds from which they are extracted they are 
mixed witb the debris of stone and bricks. The pea.sauts before taking them away are careful 
to screeu them. They then leave the large materials, only taking the fine dust, which they load 
into large boxes, upon the baeks of donkeys or camels, and then spread over the lands. 

Besides the fertilizers which have just been mentioned, farmers employ the ashen of certain 
plants. They use also, in addition, the mud which is taken from the bed of the canals during 
dredging. 

IV. Method of Faemino the Land. 

The method of farming the land varies entirely according to the importance of the property. 

As in all agricultural countries, the small proprietor enltivates his fields himself. For cslates 

a little more extensive aa association is formed between the proprietor and the ^teasant, the latter 
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reaerving to bimself a part of the prodoct. Finally the large proprietor pays the farm Iabort.'i.s 
their wages in money and sometimes in kind, or he simply confines himself to leasing his lauds. 

Tn Egypt the large proprietor generally farms at his own expense. Novertbelesa the great 
admiiiietrations of the state, which own a considerahle portion of the Egyptian territory, Bueb as 
the domains of the state and of the Daira Sauieb, have a tendency,' more or less, to lease their 
lands. 

The proprietor who farms his lands himself generally has bis farm managed by an inteudant', 
having nnder his orders many agents to conduct the labor in the fields. 

With this arrangement the fellahs or peasants who work the land receive wages in money and 
wages in kind. The price of a day's work is jreuerally 52 centimes for a man, 39 centimes for chil- 
dren. The remnnoration in kind coniiists in one-fourth of the autumn crop — that is to say, of corn 
orofdourah, the fellah makingthiscrop without money wages. Be.sidee, one-half a hectare of land 
is allowed to each father of a family to cultivate clover to feeti his animals. But they hold back 
from his wages in money a aom equal in value to the tax on this h.ilf hectare. The proprietor irri- 
gates bis lauds with elevating-machines and compensates himself for this expense by utilizing the 
mannre of the animals to fertilize in part his crop of dourah. 

The proprietor whose domain is less considerable, and who does not possess sufficient resources 
to work it himself, joins with the fellab. In this case the proprietor assumes as his share of expense 
the cost of irrigation, the seed, animals, and farming utensils. The fellah only furnishes tbe man- 
ual labor up to the complete maturity of the crops. For his labor the fellah receives a fifth of the 
sammer crop, cotton and vegetables, and a fourth uf the crop of corn. He has no share in the win- 
ter crops. A half hectare of land is also allowed to each father of a family for the cultivation of 
clover. Tbe picking of the cotton, reaping and winnowing of the winter crops, and tbe storing of 
these crops are at the expense of the proprietor. The cutting of the cotton stalks is not paid for. 

Sometimes the fellab is only entitled to one-sixth of the winter crop and summer crop, not in- 
cluding clover, and one fourth of the corn crop. When he furnishes the manure for this latter crop, 
and the seed, and when he works it with his own animals, ho is entitled to one-half the crop. 
Finally, when be stands all the exi>ense of cultivation and pays one-half the tax, he is entitled to 
one-half of all the crops. 

But the arrangement which is most common is that in which the fellah takes one-fifth of the 
sammer crops and one-fourth the antnmu crops. 

The most numerous class of farmers always is that of tbe small proprietors, who cultivate their 
fields with their wives and children, 

In the contracts which arc made by the administration of the domains of the state the length 
of the lease is fixed generally at three years, with the condition of <^uly making on the same laud 
a single summer crop during this period. Sometimes special leases are made for a singk- autumn 
crop. In the latter case the fertilizing is at the expense of the renter. 

In Upper Egypt the Daira Sanieb also makes many leases for the coltivation of cereals only. 
The length of the lease is one year. For sugar-caue alone it is three years; for sugar cane and 
cereals together it is six years. 

The renters sell to the sugar-bouses of tbe Daira Sanieh their sugar-cane at an agreed price. 

The Daira most frequently assumes the expense of tbe labor as far us it concerns tbe planting 
of the sugar-cane, rarely for cereals. 

lu a contract for tbe cultivation of cereals they exclude every summer and autumn crop. lu 
a contract for leasing, which comprises planting of sugar-cane, they forbid every other summer 
crop. 

The mean price for the annual lease of land rented by the domains of the state in Lower Egypt 
is about 100 franca a hectare. But these rates are very variable ; it is often made higher. In the 
low regions of the north of the Delta it seldom exceeds 20 francs a hectare. 

In Upper Egypt the irrigated lands are always rented at variable prices, which may vary on 
an average from 200 francs a hectare for the cultivation of sugar-caue to 125 francs for the cereals. 

In the basius the price for renting land seldom exceeds i>0 francs. 



CHAPTER VIII. 



BENEFITS RESULTING FROM IRRIGATION 



Id a couutry like Egypt, which prodaces nothing without watering, it is not possible to esti- 
mate the Iwnefit derived from irri^gation as could be done in a region enjoying a temperate climate, 
where the rains are snfficiCDt to afford the earth a certain fertility and where the eBtabliBhrneut of 
canalH is solely for the purpose of increasing the production and counteracting by constant distri- 
bution of wattT the hurtful effects produced on the crops by irregnlar atnioBpberic phenomena. 

In Egypt, wherever the water of the Nile does not penetrate naturally or artificially, no cnlli- 
vation is possible. The water of irrigation gives to the soil hero almost its entire value, aud it 
may be said, in a general way, that the value of the fields here depends upon the facility with 
which they may receive irrigation water. 

Thus in the basins the lands which only receive the water of inundation can only raise winter 
crops; tbey are therefore of a quality inferior to the lands of the basins themselves, which by their 
positions in low paints or along the canals can produce besides a crop of corn. Tlie lands situ- 
ated on the hanks of the Sile or npon the borders of the canals, which have water ihe whole year, 
have also a value greater than these last. And, finally, the best properties are those which always 
have water at the level of the soil, that is, when they can easily shed tbe drainage water. 

It is quite probable that the ancient Egyptians were not satisfied with making crops by sub- 
mersion, and that they also practiced irrigation over a notable irortion of their property. In every 
case, whatever may have been the vicissitutles through which the art of watering has jiassed in 
this country, from the most remote up to our owu times, the first step in the march of progress has 
been to regulate the wafers of the flood under conditions jiermitting their equitable distribution 
over the whole country, and allowing them to remain in the basins as long as the requirements of 
agriculture call for. The second step was accomplished, where inundation did not reaeh, by canals 
distributing the whole year, the water of irrigation. The third amelioration was obtained at all 
])oints where by raising the level of the water it is possible to reduce or abolish the nse of elevating- 
machines without compromising the fertility of the soil by infiltration. 

It being a fact that tbe corv6e has coutributed iu great part to the execution of all the impor- 
tant works of irrigation, it is impossible to estimate the cost of these works and to compare the 
advantages which the country derives from them with the amuunts esi>ended. It ta nevertheless 
interesting, in spite of this, to endeavor to enumerate the benefits which have resulted to such and 
sQch a region from the construction of certain works, without occupying ourselves with the i>ecu- 
niary sacrifices that have been made for the establisbmeot of these works. 

Unfortunately, the lack of statistical aud oflicial documents in Egypt renders this quite difli- 
calt, and it does not allow the results obtaiued to be presented in a very precise manner. 

One of the greatest transformations which this country has undergone during the last fllty 
' years has been the substitution of irrigation in the whole of Lower Egypt and in a considerable 
[ part of Upper Egypt for the system of watering by inundation. This is the principal mo<Uficattou 
[ in agricultural methods wliich has afi'orded Egypt that very remarkable prosperity which has 
I existed for the last few years, aud which would exist doubtless still if it had nut been the signal 
j for tbe ruiuatiou aud wasto of the fiuauces of the state. Imgation has in fact aloue rendered poa- 
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Bible the extenBive cultivation of the sugar-cane of Upper Egypt and cotton in Lower Egypt, and 
this latter industry, during the war of secession of the United States of America, at the time when 
the valne of cotton was very high, was fonnd so much developed in the Delta that Ihe country 
was al>Ie to profit largely from the increase in price and to increase notably its wealth. 

The extension of summer cultivation in Upper Egypt is due to two causes : — on the one band, 
Ui the advantages which the iutrodnction of steam pumps for irrigation has given to large farms, 
and, on the other liand, to the creation of canals with permanent discharges. 

It is also due to the installation mf powerful steam elevatingmacliines that we have been able 
to undertake the regular cultivation of sugar-cane in a part of the province of Esneh, where now 
there are magnificent sugar factories belonging to the Daira Sanieh, and in certain parts of the 
province of Guirgueh, especially at Farchout, where the large proprietors also rai^e this product 
and have lujilt an important factory. In this last place, according to the memoir of Girard, pub- 
lished in the work of the French expedition in Egypt, the cultivation of cane already existed at 
the beginning of this century, but not more than 3 liectarcs out of 50 were devoted to it. 

In the provinces of Siout, Minieh, and Beni-Souef it is also the employment of steam-engines 
which has contributed to develop the cultivation of sugarcane; but it is especially the creation 
of the grand Ibrahimiob canal which has given it all its scope. 

We have seen that the normal discbarge of the Ibmhimieb at low water is 33 cubic meters, and 
that this quantity of water suffice-s to make summer crops on 42,000 hectares. If all this area 
were cultivated in sugar-cane, with the five-year rotation adopted by the Daira Sanieh, these 
42,000 hectares would correspond to a total cultivated surface of 105,000 hectares, aS'ording an- 
nually 42,000 hectares of sugar-cane, 42,000 hectares of winter products (wheat, beans, clovei', etc.), 
the other 21,000 hectares being left at rest. They could make thus 84,000 hectares of crop with- 
out counting the crops of autumn corn, which are much more developed to day than was possible 
before the construction of the canal, and which may be estimated at one-flfth the total surface. Now, 
with the cultivation by basins, these 106,000 hectares were annually planted in winter crops, and 
did not produce summer crops except at certain points exceptionally situated. Winter cultivation 
is a little more costly by irrigation than by iuundationonaccountof the expense of watering, which 
is done away with in the latter case, and the expense of labor which is diminished ; but the dif- 
ference is not so very considerable and it does not exceed 4 or 5 per cent, in the real expense of 
cultivation. 

The coat of leasing lands, which in the basins hardly exceeds 90 francs per hectare, may in 
the irrigated lands be considered as 200 francs per hectare for the cultivation of cane, 125 franca 
for the cereals, and 130 francs for corn. Thetotalincreascof revenue which the Ibrahimieh can pro- 
duce, supposing the cultivation of cane to be as extensive as i>ossible, can then be calculated as 
follows : 

The present price of leasing would be — 

42,000 hectares of cano at 200 fi-ancB 8,400,000 

42,000 he otarea of cereaUat liS francs 5,250.000 

21,000 hectarea of coru at i:» francs 2.730,000 

Total 16,360.000 

While formerly itwoald have been 105,000 bj 90, or 9,450,000 

Or a ditl'erence of , . ,. 6,930,000 

■which divided among the 105,000 hectares gives an additional value of 66 francs per hectare. Now, 
as the not revenue of the basin lands does not exceeds 100 francs, counting the expense of culti- 
vation and the general expenses of a large farm, and not including the taxes, it is seen that the 
Ibrahimieh canal has been able to incn'ase by 66 per cent, the net revenue of the lands which it 
waters. 

But it is not always so; the summer crops, for different reasons, are not so extensive as is 
assumed in the above calculations ; thus on the 77,^0 hectares, which the Daira Sanieh possesses 
in the region of the Ibrahimieh, there are now cultivated annually, in sugar cane, hardly more than 
10,000 or 12,000 hectares, or about 16 per cent, instead of 40 per cent. This condition of affairs ia 



IBEIOATIOIf IN EGYPT. 



95 



either becaose certaiD irrigated lands are oot alwaya safficiently near tfae factories ; or because of the 
diffloalties of the system of distribution, or because some regions, not having water-stieil for 
the drainage, are rendered salt and have become unfit for cultivating sugar cune. 

Although tbe Ibrahimieb canal hasthusincreased the wealth of the properties which it crosses, 
it has on the contrary caused certain damages to tbe inundation basins situated in the vicinity by 
cutting off their commuuicatiou with the Nile, and forcing them to receive only the settled water 
from the upper basins. A few kilometers of canal, or syphons under tbe Ibrahimieb canal, will 
again permit of the bringing of the muddy water into these basins, and it is estimated that these 
works would increase here annually tbe revenues of the lands by one-fonrlh, or at least one-fifth. 

Id the whole of Lower Egypt, in consequence of tbe suppression of inundation basins, cnlti- 
vatiou has nndergone a mo«lifieatioD not leas complete thau what has Just been mentioned for cer- 
tain parts of Upper Egypt. At tbe commencement of this century there were in the Delta 
two kinds of crops — those of summer and those of winter. But those of summer could only be 
made on the banks of the Nile or its branches, or ou a few trunks of canals with permanent dis- 
charges; and besiiles, for winter crops, siuce the height of inundation wnter and the duration ut 
its stand on the land is not sufficient to give a sufficient amonnt of liumidity to the soil, they were 
obliged to supplement it here by means of artificial waterings. These winter crops in the Delta were 
then common and needed fur maturing, inundation aud irrigation. 

According to Girard, of the French expedition, the management of 100 hectares of good laud 
Tell situated in the Delta was formerly arranged in the following manner: 

HmUtu. 

Clover 26 

Wheat 30 

Barley 10 

Wheat and barley mixed 35 

ToLnl 100 

Of these 100 hectares, one-fonrth received summer crops and autumn crops as follows : 

Corn 13 

Sesame .*. 6 

Cotton 6 

Total as 

At present, as has been said in the preceding chapter, 100 hectares of land in the Delta may 
be arranged as follows : 

Cora, one catting of clover, and cotton 33 

Wheat 33 

Beans 17 j ^ 

CloYeT(balf of which wosleaaed to thepeaaant)....... , 17 ( 

Total 100 

The proportion of summer crops, therefore, is now considerably increased. 

For tbe ordinary lands of Lower Egypt, where there is no watering by machines except for 
two months of the year, below is given the manner in which the present net proceeds of the land 
may be estimated, cultivated according to the rotation indicated at>ove, and in the case of largo 
proprieties fanned directly by the proprietors : 

Expfiiie/or an aim of 100 hectaru. 

Fnn». 

1. Seed 2,900 

% Snperinteadenoe S,000 

3. EipensB of irrigating b; machine for two luontha .' 1, 100 

4. FeediDgof stock dnringsummer at the rate of two head per hectare 1,900 

5. Pay of workmen for aoWiag, barresting, thrashing, etc 5,200 

6. General and contiugeot expenses . ..... .......... .. 2,500 

Tot«leipeDBe(withoat including taxee) 15,600 
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Seoeiptsfrom an area 0/ 100 Ace 



1. Crop of doara on SShectara; grosuprodact of 33 hectares at 104 franca 3,432 

Dediial fur the expense of caltiration paid in kind and for lioasiDg the crop 

(about one-fourth) 852 

Komainder 2,530 

2. Clover cultivated after doura, 33 beotarea at 90 francs 2,580 

3. Crop of cotton, Dot including the coat of ginniDg, 33 hectares at 550 franca 16,150 

4. Crop of wheat, 33 heotarea at 196 franca 6,468 

5. BeaoH, 17 hecCarea at ia3 francs 8,261 

6. Clover J ■*^^'''''™*'^^*''"'*=^ J MO 

t 4 hectareH for acud and atraw, at 160 francs > 

Rented to the peaaaat S,50 heotarea at 100, equal to the tax 850 

Total receipte 33,919 

Then we have for the 100 hoctarea thus cultivated, rooeipls 33,919 

Expenses 15,600 

Difference 18,319 

which represents about a net product of 138 franca per hectare, not counting tbe payn>eiit of taxra. 

To compare this revenue ivith what the land in the Delta could give, if the method of basins 
yet existed there, let us suppose the property under such favorable conditions that it could be 
ananped with one eighth of its area for sauimer crops ; this is evidently a better condition than 
that averaged at the beginning of this century, but which is, nerertheleHS, given in the worhs of 
the French expedition in Epypt as a normal arrangement. 

If the crops made on this property are the same as those which have been considered in the 
preceding examples, we would have for the 100 hectares, 13 hectai'os of corn, doura, and cotton, 
53 hectares of wheat, and 33 hectares of beans and clover ; this would give then as follows, the 
expense of 100 hectares: 

Fnni;s. 

1. Seed a,eo0 

S. Superintendence 2,000 

3. Irrigation by niochiae daring at least two mouths for the Bammer orapa and for 
doura BOO 

4. Feeding the stock during the aauimer 1,900 

5. Pay to Jahorere, etc 3,000 

6. General expenses ..,. . .. . 2,500 

Total expense Id, 600 

As to the average receipts, they would be as follows: 

I. Doura, 13 hectares at TS fruiica l.OU 

■J, Clover, 13 hectares at DO franvs 1,170 

3. Cotton, 13 heutarea at 550 fruiics 7, 150 

1. Wheat. 53 hectares nt 196 franca 10,388 

5. nod 6. BoBUB and clover on 34 hectares as in the proceding example 3,751 

Total receipts (not iucludiug taxes) 23,473 

Thus the total muKipU would be 23,473 

The expenses 12,600 

The difference 10,673 

We would then have a net produce per hectare of about 107 francs. 

By the substitution of the irrigation s.vatem for the basin ttystem, the net revenue per hectare 

is then raised to 183 fi'uucs ; this is au iucrcaiie of 70 (wr cent, over the results giveu by the aucieut 
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method of watering and of cnltivatioti. On tbe lands npoo which it was not poesible formerly to 
make summer crops, and which also could not receive inundation water every jear, the beni'flts 
derived from the permanent supply of the canals are mach more considerable; they would be still 
greater throughout the whole of Lower Egypt if the farmer would determine to refresh the soil 
from time to time by the judicious employment of feitilizera. 

The considerations developed in the preceding chapter on the snhject of dredgiuK and dis- 
charge of the principal canals have already shown of what importance to the pvosperity of the 
country is the atteution j^iven to the repair of the canals and works of skUl, and how much trouble 
and continaoiis attention these repairs require in coosequenct; of the want of consietenee of 
the soil anil the quantity of mud held in suspension by the water. A few 6guree will show more 
clearly the results which c^n be obtained without creating new works of irrigation by merely 
maintaining in good conditon those which exist. 

In 1879 the clearing of the cauals had beeu very mnch neglected in the province of Keueh, 
where the old system of basins stilt exists. Although the level of low water was sutBciently high, 
this year there were 0,800 hectares cultivated in summer crops. In I8H1, without any new arrange- 
ment but the simple labor of dredging, they were able to devote to these crops in the same prov- 
inces almost 15,000 hectares, altboogh the level of low water was at Assouau l.Tll inHers leHS than 
Id 1879. 

Here is another example not less striking. The quantity of sugar-cane cultivated by the Daira 
Sanieh is nearly proportional to the quantity of water which it cau distribute to the plaiitutions. 
Now, in 1882, the year in which the lale troubles occurred in Egypt, when the low water of the Nile 
was almost as low as tu 1385, the Daira cultivated 1 1,700 hectares of sugar cane, white this latter 
year it cultivated 15,700 hectares, or an increase of 34 ])er cent. This considerable increase of cul- 
tivation was due almost entirely to the better maintenance of the Ibrahimieh canal, anil also to a 
more judicious distribution of the water of this canal. In the same mauuer. by giving to the Babr 
YoQsaef, derived from the Ibrahimieh canal, the proportion of water which ought to return to it, 
and without doing, so to speak, any other work than the maintenance of the Ibrahimieh canal at 
a normal depth, they were able in 1S86 to cultivate in Fayoum 22.000 hectares in summer crops, 
while in 18(10 they ouly obtained 6,500, and in 1882 only 13.000. 

Tbeso enormous variations in the extent of area given to the different crops show well the 
changeable value of irrigated lands. The product of these lands may vary in targe ratio, not only 
when the maintenance of the works are neglected, but even from one year to auother, so that the 
engineer should devote more or less attention to the maneuvering of the works and to the clearing 
oat of the cauals. 

Agriculture would realize great benefit if it were possible to always give water to the peasant 
at the same level as the land, so that he would only have to open his inlet to water his fields ; but 
this is far fnim being the case everywhere. At present this result is attempted in Lower Egypt, 
on the one hand by damming the waters of the Nile by the great dam at tlie point of the Delta, 
and on the other hand by adopting the proper rules for the regulating works established along 
Qteae canals. 

The first important result obtained by a more complete although still temporary use of the 
dam of the Delta has been to render the cultivation in Lower Egypt, in the provinces profiting 
by the action of this work, almost independent of the height of low water of the Nile. 

Thus, while it was formerly known that the low stages leS in Lower Egypt to a diminution of 
the product of aummer crojis equal to 100,000,000 francs, in the year 1884, when the low water of 
the Nile was very low, the crop of cotton in Lower Egypt was estimated at 20,000 tons more than 
in 1879, the year when it was greatest up to this time, and when the low water at Assouan was 
1.39 meters higher than the low water in 1884. Nevertheless, the effect of the dam does not extend 
today over more than 700,000 hectares, 500,000 hectares in the Delta proper and 200,000 hectares 
in the provinces of the east. 

This difference of 20,000 tons, representing a value of .^0,000,000 francs, was due mostly to the 
&cL that the dam of the Nile furnished water to Lower Egypt in 1884 at a level almost 1 meter 
higher than had been previously obtained in the average year. 
H. Iflis. 134 7 
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lu 1885, when the level of the pool of the dam was still farther increased by nearly 1 meter, 
the area planted in cotton in Lower Egypt was still greater, bat the cotton-worm and fogs caased 
sach ravages to the crops that the prodaction was lower than that of 1879. 

The raising of the Nile by the dam has also allowed the sappression of nameroas steam-pamps, 
and thas saved to the farmer considerable expenditare. 

The few facts mentioned above show how valaable are the improvements gradaally being made 
in the system of irrigation in Egypt, and how important it is for this coantry to parsae unremit- 
tingly the placing of these improvements in working order, that they may be able to obtain from 
the land with economy all the profit of which it is capable and which is expected of it 



CHAPTER IX. 



It might well be believed that Egypt, reLowiied for the wimlum of its ancient inhabitant« and 
the antiqnity of its irrigation, had [iresened in it« traditions a complete patrimony of laws and 
customs relating to tbe use of the Nile water. However, nothing of the kind exists. Thus one 
tlads in Egypt neither special regulations for the use of the water nor particular jurisdiction for 
matters relating to irrigation, or penalties provided for ofteusus in the abuse of the wnter. The 
fact isquit© astonishing, and deserves notice. Suchanomissionie, in fact, strange in acountry which 
not only owes its existence to the waters of the Nile, but where Arabian rule has been established 
for many years, which left iu Spaiu such remarkable specimens of rules and regulations for irri- 
gation. 

The fact which, as well as the absence of all special legislation, characterizes the system of 
Egyptian irrigation is the large part which the Government takes in the execution and maintenance 
of the works and in the distribution of the water. The Goverumeut, iu fact, has assumed the task 
of distributing the water of the NUe, not only in the principal canals, but also, we may say, to the 
heads of the most remote trenches, and it employs, to assure this service, the resources in money 
or in bind which it obtains in tases and from the corvde. 

It is donbtless very natural that it should be the state which fixes the dates of opening and 
shutting the inundation basins, as well as the discharge of their inlets and works of drainage, 
according to the variable circumstances of the rising and falling of the Nile ; that it should regulate, 
according to the regimen of tow water, the pool of the great dam of the Delta ^ that it should 
distribute amongst the priucipal arteries, which have their inlets on the river itself, the waters of 
irrigation ; that it should take the necessary measures for the superintendence and repair of the 
great canals and embankments. It is hard to conceive how it could be otherwise; these are indeed 
the public services which the government can not delegate to individuals or to associations or 
proprietors; tbe eutire country requires that a single individual authority should regulate the 
general distribution of the water of the river, the only source of wealth of the inhabitants, and 
protect the cultivated lands from inundation. The action of the Egyptian Government does not 
stop here; it ramifies throughout all the secondary branches ; almost all the canals, whatever the 
degree of their importance, are pubbc property and belong to the state; those which are esclusivly 
under the charge of individuals form a ver>' small portiou of the whole, and in practice a very well- 
defined limit does not always separate these latter from those whose repair aud construction are in 
charge of the Government. The only peculiarities which now distinguish the different kinds of 
public canals according to their importance, is that they are constructed and maintained by the 
cort^, either of many provinces or of a single province, or of a single district or one or more 
villages, and still this distinction tends to disappear in proportion as the state uses the revenue to 
free the corvee aud execute for cash the part of the work which falls to the population. 

As to the distribution of the water amongst tbe different branches of the canals, as well as for 
the secondary canals, it is entirely in the hands of the Government agents ; they distribute tbe water 
08 they please, tivking account of the condition of the crops and the circumstances which may cause 
a variation of the distribution; there are no laws or regulations to give to any particular point a 
determined portiou of the discharge of a canal, or to maintain in it a fixed level for the surface of 
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the water. On tbe other hand, the farmer enjoys the greatest liberty in opening the ditches or 
making inlets in the banka of tbe canals, and in abusing the water which flows across hia land. 
No rules exist for regulating the discharge ; no ratio is established between the surface cnltivated 
and the dimensions of the works of inlets. Under tltese conditions the large proprietors have 
evidently great facility for monopolizing the water for their own profit to the detriment of the small 
farmer. 

It can be seen under Buch a regimen, as arbitrary on thepartof the Government, as irregular on 
the purt of individuals, how difiluult it is to avoid waste, and how defective is the distribution of 
. the water. Certain canals too full inundate the low lauds ; in others, on the conti-ary, an insufficient 
supply does not allow all tbe riparian lands to be cultivated. The only right which proprietors 
have who are subject to damages of this nature is to appeal to the authorities, and if from one 
cause or another satisfaction is not given them, aud the land is thus left arid or transformed into 
marshesaud can not be cultivated, they are entirely or partially relieved from tax. This is the only 
compensation which can be made to farmers; the Government, recognizing that it has not furnished 
the means to cultivate, renounces the taking of the portion of the crop which belongs to it. 

To resume: on the one hand the Government assumes all authority over irrigation, and ou 
the other the individuals are subjected for the use of the water to no special regulations. Two 
principal causes have contributed to create this state of affairs and to develop this kind of com- 
munism in the utilizing of the beneficent waters of the Nile. One relates to the system of inunda- 
tion basins, and to the method by which these basins have been transformed into irrigable lands; 
the other, more general, reliites to the method of the landed proprietor himself. 

In a system of basins of inundation individual enterprise is necessarily done away with, aud 
precise regulations for the use of the water by individuals are entirely useless. It is the anity of 
interests which causes the uecessary measures to be taken to bring water aud to maintain the 
level aud to drain it afterwards. The proprietor has no special trouble to give himself to inundate 
his lands, no trenches to dig, no dikes to raise; he is only obliged to contiibute in money, work- 
men, or his labor to execute the works necessary for submerging the entire basin. When Mehemet 
All, in the first years of this century, commenced to dig irrigation canals in the lands formerly 
arranged in basins, he only had to aid him in his proposed agricultural revolution a population 
little enlightened and deprived of individual enterprise, who often saw with regret the abandon- 
ment of the traditional method of cultivation in the country. lie could not rely ou them to dig 
rapidly tbe secondary canals, therefore ho confided to the Governmont engineers themselves the 
direetion of the whole of the details and labor, and in order not to compromise the work by the 
apathy, laziness, or bad will of the peasants, he took, himself, in the name of the Egyptian Govern- 
ment, measures to carry the irrigation to the very limit of tbe land of all the proprietors without 
asking them for any more help than their presence in the corvee charged with the work. After 
having constructed, itself, in this manner, all the canals necessary, the state was naturally charged 
with maintaining them. It is thus that, under the name of the government of the province, of the 
district, or of the community, it finds itself at the head of a whole net-work of canals, including 
also numerous branches of little importance. On the other hand, the systematic substitution of 
irrigation for the old basins does not date far back, and it is very astonishing that since the 
beginning of the century laws for the use of water have not been codified. 

But although these considerations explain partly the condition of irrigation in a legal point 
of view, they should not, however, be regarded as absolutely general causes. There has been, iu 
fact, from all antiquity in thia country, and especially in the Delta, portions of the territory which 
have been irrigated, although we find no traces of a perfected regulation of the watering. It is in 
the method of the lauded j»roprietor himself that it is necessary to look for the origin of this state 
of affairs, and on this account it is interesting to enter into a few details of the historj- aud trans- 
formntion of lauded property in Egypt. We find very complete information on this subject in an 
excellent book upon "Landed Property in Egypt," published recently by his excellency Taconb 
Artin Pn^ha, under secretary of state to the Egj'ptian ministry of public iustructiou, and it is 
from this work that the summary remarks which follow are principally taken. 

It seems that from the most remote times lauded projierty had not existed in Egypt in the 
wnee iu which wo uuderstaud the word. Without going beyond the Arabian conquest the Mnssol- 
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mauisli liistorians write that in this epoch "the farmer did not possess property tn the soil which 
belonged to the community and by extension to the sovereign, that is to say, to the state." The 
commune formed, so to nay, the territorial anit; this latter, as a whole, had the nsufruct of the 
laud. And in fact the vontinerors, who continued to levy taxes "as they had beeo established by 
the Greeks," fixed the tribute to be paid by the commuDeacconling to the number of inhabitants; 
and if in the commnue the tribute was not paid, they divided the sum among the lands of the com- 
mnne and divided these amongst the iDhabitants of each portion in proportion to their means. 
If at the time of this division quarrels and disputes arose which were impossible to settle, they 
distributed the lands of the commune in eqnal portions among all the inhabitants. 

Also at the same time the conquering Arab chiefs created a more complete method of holding 
the laud. Of the land belonging to the Greeks, the last occupants of Egypt, some were given to 
Tillages; but others were distributed to a few privileged -persons, under the title of proprietor, and 
exempted from taxes. There was not up to this time anywhere a true proprietor, because although 
the land could be transmitted to the heirs of the holders their rights wore very little respected by 
the sovereigns of the country; each of these considered himself always free to dispose of the land 
and to take it from the actual possessors to give it to his paitisaus. 

Later, similar proi)erty rights were conceded to factors who were charged with collecting taxes 
in the commuue ; but in all cases, whether the lands were exempt from taxes and distributed either 
for a reward or as an acknowledgement of service rendered, or whether they were conceded as 
nsufruct to the EgyiJtians and loaded with tribute, it was always the sovereign who remained the 
true proprietor. 

This system lasted, with some slight motlifications, until the beginning of this century, and it 
may be believed that during this long period of time the communal rule of property, its instability, 
its insecurity, and especially its character of nsufruct, had contributed considerably to the develop- 
ment of a normal system of irrigation based on the rights and interests of individuals. 

The principal care of the sovereigns of Egypt was, in fact, much more the return of the 
taxes than establishing the prosperity of the country on a solid basis by improving the distriba- 
tiou of water and by wise legislation. 

It was about 1813 only that Mebemet AH commenced to enter with vigor into the accomplish- 
ment of agricultural reform. After having made, with the very imi>erfect means which he pos- 
sessed, a general survey of the whole cultivated surface of Egypt, he distribnted the lands of the 
communes to the inhabitants themselves of the villages, so that each cultivator old enough to work 
bad nearly an equal portion. This distribution was made throughout the whole of Egypt, and 
the portion allotted to each person was from 1.35 tx> 2 hectares. The chiefs of the villages re- 
ceived, to recompense them for the service which they rendered to the state and to the commune, 
a portion exempt from taxes. It is from this division of land that we should trace the original 
parceling oat of the agricultural properties, a parceling which the Mussulmen laws on inheritance 
only increased. 

The holders of the land distributed in 1813 only had the usufruct, and although the land was 
inscribed in their names ou the survey register it was always the commune which was responsible 
for the tax, and also, up to a certain point, all the communes were liable in this respect, and the 
tenant who could not pay his quota was deprived of his fields. Nevertheless the owners of the 
lands of the villages acquired, little by little, those rights which constitute the true rights of prop- 
erty ; thus the right of willing was granted to them in 184G, and the right of inheritance during 
1854. Besides, in 1858, the lands which had been allotted as exempt Irom taxe^ to the chiefs of 
villages were taken away from them and distributed to the inhabitants, to avoid the abuse of power 
and persons which most frequently obliged the uuhappy fellah to cultivate this property without 
remuneration. 

At the same time that by this division of lands among the peasants he was preparing the 
basis for landed property, Mebemet All distribnted to individuals nncnltivated territory not com- 
prised in the surveyed lauds, and which were exempt from taxes to compensate for the work neces- 
sary to place them in good condition. In 1842 he granted to the owners of these lands the right 
of disposing of them as their own property. He contributed thus to extend the cultivated surface 
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of the country, and added many great domains to tJioae which had been formed by the donations 
made in the precediog reigns. 

Landed proiwrty was uot really concerted in a general and definitive manner in Egypt until 
1871. At this epoch the Kbedive Ismail Pasha, wishing to make up for lack of funds, granted, 
amongst other advantages, the absolute ownership of his ground to the possessor who would pay 
in advance six years' taxes. The law, which did not produce the financial results expected, was 
abolished, then re-enacted and rendered obligatory, and finally definitely abrogated by tlie decre« 
of the 6th of Jauuary, 1880 ; bnt this decree, and the law of liquidation which followed, recognized 
the right of property in the lands which had paid, entirely or in part, the advance tax. Under 
these conditions almost all the laud of Egj-pt has become land with the foil rights of property. 

Thus the right of property is very recent in Egypt. It was not really constituted when 
Mehemet AU undertook the execution of his irrigation works, and this is what explains how 
this great reformer was led to consider the whole country as his vast domain, of which he was him- 
self proprietor, and how he provided, in the name of the state, for the population of the provinceSi 
districts, and communes, for the constrnctiou of canals, great and small, which became by this 
fact public property. 

Unfortunately the farmer, to obtaiu the real title of pro perty and to assure these rights, must 
consent to heavy sacrifices. Each concession which the sovereign makes to him is in consequeoce 
of an increase of tax, and the charges which weigh him dowu are to day so heavy that he can hardly 
make head against them. Thus the best lands of the villages pay almost as high as 107 francs 
tax per hectare in Lower Egypt, and 94 franca in Upper Egypt, As to the lauda which were 
originally conceded with exemption from tax, they pay, according to their quality, from 10 to GO 
francs per hectare in Lower Egypt, and from 10 to 41 francs in Upper Egypt. Besides these taxes 
•n money, the farmer has to furnish the tux in kind for the corcee, and to pay in certain cases 
special taxes ; thus, for example, the proprietor who uses the waters of the Ibrahimich canal, dug 
by the corv4e, pays a tax which amonnta in all to about 850,000 francs for an area which does uot 
exceed 26,000 hectares, deducting the lands of this region which belong to the state. 

Although the Egyptian has purchased at this high price his rights of property in the soil, and 
although finally free from the bondage with which he was long oppressed, many drawbacks still 
remain in many parts of the territory to the free exercise of individual enterprise and to proper 
agricultural development. These obstacles have brought about the notable condition that all the 
area of Egypt is either farmed by the state itself or transformed into holdings, generally badly 
administrated. The existence of great quantities of mortmain land obtains in Mnssnlmen coun- 
tries, and it is the consequence of religious laws. As to the farming by tbe state of considerable 
domains, it is obligatory on account of the financial disasters which have attacked Egypt for tbe 
last ten years. The Government is obliged, in fact, to appropriate and administer on its own 
account the great properties which the Khedive Ismail Pasha and the members of his family had 
acquired and which became pledges in the hands of the creditors of the stiite. 

Tbe two administrations charged with the farming of these properties are the Daira Sanieh 
and the admiuistration of the domains of the state. 

Tbe Daira Sanieh bns especially tu charge tbe lands of the state situated iu Upper Egypt and 
the large sugar factories which are established in this region. Thus it farms : 

BeoUret. 

In tlie rogioQ of Eaneh 20,700 

In the region of tLe Ibrahimieh obdsI 84,500 

In the region of Fayouin 32,200 

In the region of Lower Egypt — — - 7i,G00 

Total 212,000 

of which 21,000 are uncultivated iu Upper Egypt, and 54,000 in Lower Egypt. As to tbe dom^DB 
of the state, their property is more especially iu Lower Egypt. It comprises: 

In upper Egypt M,900 

la Lower Egypt 137,900 

Total 178,000 

Of these, 33,000 are considered as uncultivable. 
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Thus one-fiftli of Egypt is owned by the state and formed by it, not coonting all tbu lands 
called free, more or leas cultivated, which belong to it also, and which are eold to any one according 
to requirements. 

In the situation of the coantry resnlting from this arrangement, with a system of ownership 
badly established and coDtiuually changing, with so great an est«tit of land in the hands of the 
princes of the state, with so uulituited an interference by an absolute government in whatever 
concerns irrigation, it is evident that the practical and rational regulation of watering could not be 
established ap to the present time. 

At present every act of dereliction or dispute relating to irrigation is subject to the ordinary 
tribunals composed of three courts — summary justice, the tribunal of first hearing, and the court 
of appeal. In addition, the laws and mitts on the subject are most insufficient and incomplete. 
Bgypt still lacks a code for irrigation, whose elements do not exist in the new government', aod 
whose need is nevertheless felt more aud more urgently in proportlou as the ownership is better 
settled and justice rendered according to the most strict principles. 

It is fifteen years since the Government felt the necessity of creating a special administrative 
organization to regulate everything which cooeerns irrigation. A law was even promulgated to 
this effect, called the law concerning agricultural councils and regulating of dikes aud canals. It 
comprised at the same time a law on the duties of the administrators of provinces and of the 
engineers. The spirit of tliis law is clearly indicated in the considerations which precede the 
section, and which are given below: 

It appears proper Ui tlie privy conucil thattlie agricnltarnl councils slionld beorgonlEed in a penuaDeDt manner 
that these ouuuciU bLouIiI examine tbe projecta of pabliu, cumuianal, aod iudivtdnal worki, conlrul eipeDditiuvH, 
deiignste for each commune tbe nambprof indiviilQalB which eiecuto Ifae works, aiid tliat tbe coancils ouglit lo 
BOperviM tbe execotion on the spot; that tbe members of these oouneils abould be cboaen hy election h; tbe in- 
babitanta ot tbe cnmniune ; thai tbcre abould be elected one for each arrondiBsement, and their dntiFH performed in 
lam; that there sboiilil be requited of these councils the constant watching and ameliorationof agriculture, and 
Ibe eetabliebiuent of fuudamental rules for the distTlbution of water, to he followed in the works of drainage or dams, 
and works intended for a cbango iu level of the canals, ditches, outlets, eto. 

The apparent object of this law was, as may be seen, to obtain a kind of deceotralizalion of 
the service of irrigation by conhding its direction to tbe representatives of these cotiucils; tbe real 
end was perhaps solely to relieve the treasury of the greater part of the expense of irrigation by 
causing to be assumed, by those interested, the expense resulting from the decisions made by their 
representatives assembled in council. 

The idea was good in itself, and it might have been the germ of a complete and fortunate 

transformation of the system of irrigation if it had been formulated iu a more practical method, 

aod if the country had been able to comprehend it aud to recognize what advantages there would 

have arisen if the control of irrigation in Egypt were in the hands of the proprietors themselves. 

In fact, although this law has not been repealed, and although it has been added to the new 

, Egyptian code, to be applied by the courts, most of the articles which it contains have never l>een 

I placed in force for a siugle instance; in practice it is a dead letter, the councils of agriculture 

rof the provinces are only convoked to determine the labors inenmt>ent on the corvee, as has been 

' ahowQ in a preceding chapter, and the agents of the state regulate almost as they choose the 

works, canals, and the distribution of water. 

It is therefore unnecessary to stop to examine this law for the agricaltnral conncils which has 
never passed into the domain of ajiplication. 

In reality, legislation ou irrigation in Egypt comprises only a few articles of the code, some 
general rules, and some ancient customs, their enumeration will be short. 

Use of water. — The law applicable to individuals comprise the following principal prescriptions 
I Teferring to irrigation : 

The tribunal «1 summary justico stands an a last resort np to S60 ftuDOs,* and is subject to appeal for amounts 

iTe this sum, and, whatever may be the amount of the motion, decides actions for damages to fields, fruits, and 

■iVOpH, either by man or Hntioals, which are connected with the use of water. ■ * • (Art. 26, Code of Procedure.) 



* TbeM snnis and tbe amount of damage are indicated in the tax laws and regulations in piasters and Egyptiaj 



104 



lEEIGATION IN EGYPT. 



Tbe extent of the right of UBing the water of the (uui«ls, constracted by the ntttte, ii praportlonkl to the Und 
to he vrutered, except as it is regulated by tbe lawa, daorees, aud rales on the subject. (Art. 3*2, Oivit Code.) 

EiLch person tuuRt allow, through bia owu lands, the paaaage of water nooesaary to the farthest end of tbe outlet, 
ou the payment of an iudemuitf previously determined by tbe tribunal, which will determine, la caeii of dispute, the 
works to be made for tbe eBtablisbmeut of tbe passage, in order that it will he as little damaging as pnsaible. 

But the proprietor wbi> waters hia laud by meaus of inachLnee or cauals can not oblige tbe lower bottoms Ut 
receive bis water. (Art. 33 of the Civil Code.) 

The publio domaiu oF the state is impresunptable, IndeHtrainable, aud iualienable. Tbe Government only can 
dispose of it by law or by decree. It oowpriaea tbe rivers and navigable streams and canala wboae mBJntenauoo is 
in charge of tbe state. (Art. 9 of tbe Civil Code. ) 

BaloDging alao to the domains of tbe state are the arraDgement of water- conraes, pablic works, and generally all 
the works carried on by the oomiuunal right, attached (o the property of the publio domains, or resulting from laws 
urdecreea issued with reference to public utility. (Art, 10 of tbe Civil Code.) 

Whoever, by the rupture of dikes or la any manner whatever, shall have caused malicious inundation, sbatl b«, 
according to tbe amonnt of damage, condomiicd to penal servitude for a time or for life. (Art. 334 of the Punal Code.) 

Whoever ahull have voluntarily destroyed, overtnmed, or damaged in any manner whatever, in port or in whole, 
bridges or dikes beloDging to another, shall be condemued to imprisonment from two months to two years and to a 
fine equal to one-quarter of the repaira. (Art. 30li, Penal Code.) 

Whoever shall nut conform to an adniiDiatrativeregnlation shall bepumabedhy afliie of from 1.30 ta6.50 francs 
whenever the regulation does not prescribe tbe punishment for its infraction. (Art. 341, Penal Code.) 

Whoever shall have cut down the public roads or other places designed for public use, or whoever has appro- 
priated them, shall he fined from 13 to 36 francs and pnuisbed with froui one to six days' iupridonment. (Art. 343, 
Penal Code. ) 

The code applicaltle to foreigners residing in Egypt contains almost the same articles. 

Confiscation /or public vtiUtp. — Tbe state liaa a rigbt to confiscate private property for works 
of public iitilitjj bat tLe procudarc of coDli»cHtiou is not prorided for by the Egyptiau Govern- 
ment as to natives, aud (but wliicli is provided by tbu code apjtlicable to foreiguers is not prao 
ticed. In fact tbese affairs are conducted frequently as follows: 

The declaration of public utility is made witbout tbe necessity of proceeding to previous 
inquiry, by vu-tue of tbe decree of tbe Khedive. Tbe notables, designated by tbe admiuistrator 
of tbe provinces iu wbicb tbe works are executed, meet then aud estimate the damage arising. 
If tbe interested party accepts tbe valuation tbus made, tbe state pays bim tbe amount agreed 
upon; if not, tbe aSViir must be carried before tbe tribunal, but it is seldom tbat tbe indemnity to 
be paid on account of couHsoatiou is uot arranged amicably iMjtween the commission of notables 
and tbe proprietor. 

For tbo binds wbicb have become tbe complete proi>erty of tbe [lossessor by the application 
of tbe different laws of property tbe owner of tbe confiscated ground is entitled to an indemnity 
iu kind, or in lands, equivalent to tbe am ouiat of damage which baa been caused. 

As to tbe lands wbicb, not having paid tbeir advance taxes iu pursuance of tbe law of I87I, 
have remained ou the bauds of tbe occnpauts iu usufruct, tbey are only entitled to a diminution of 
tuxes for tbe parties whoso lands are confiscated. 

Most of the land, at tbe time of tbe eHtablisbment of the great canals of irrigation and dikes, 
constructed iu tbe first half of the century, were under this latter regimen. Tbus these works 
have not caused an actual confiscation but a simple dimiuutiou of taxes, and eveu iu many points 
the area occupied by these cauals and dikes has not been lightened iu taxes, aud still regularly 
pay tbe tax. 

The law for tbe territorial property of 1858, modified and published iu 1875, provided always, 
in favor of the tetiauttj who had been deprived by the coutiscatiou of their means of existence, a 
reparation for the damage caused more complete than the lessening of the tax. The law, in facti 
gave to tbe (jovenimeut tbe rigbt to give to these tenants lauds taken from free lauds, or lauds 
abandoned by their villages or another neighboring village. 

Kcgimen of the property which bordern the Nile. — There are often on the banks of tbe Nile, 
between tbe jirotection dikes, low lands which are sown as the waters fall, and whose cultivable 
surface varies eacb year with tbe level of low water. Every year the cultivated portions of these 
low lands are measured, aud they apply the tax Ia these accordiug to tbe area of crops carried. 

The territory tbus comprised between tbe dikes of the Nile is considered as forming a part 
of the bed of tbe river, aud is subject to tbe coutrol of the agents of tbe ministry of public works, 
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vbo liave the right Lere to forbid any dikes, or any coustrnction or eBtabliahmeDt of a macbiuti 
capable at any time of obstructing the force of the wat«r and turning the current out of its noriuul 
direction. The Egyptiun code Bttpulat^s only that altuTium Ivrought in large quantities by the 
river belongs to the ripurian owners (Art. 60 oft lie Civil Code); but when the Nile, in eonnequenoe 
of a ehauge in its course, carries away a portion of high land along ils bAuks and creates in the 
middle of it« bed new islands, it is the law of territorial properly, which has already been men- 
tioned, which regulates the lands displaced or islands formed in the following mauuer : 

First, If the movement of the water leads to a loss in the high lands, or in the commune, and 
vhen it forais by accretion a bottom connected with the commune subject to loss, although 
adjoining at the same tim« to other lands, this bottom shall serve to replace the loss of laud, and 
in case of an insufiiciency the portion not replaced will be relieved of the taxes against it. If 
the bottom exceeds the urea of the land lost the case will be subject to adjudication by public 
auction, to which the inhabitants of the commnue connected with the bottom shall be called. If 
the bottom does not join the commune which has undergone loss, but another commune uot 
damaged, it will bo sold at public auction and allotted to the bidder oETeriiig the most, and will 
form part of the territorial area of the commune. 

Second. If an island or islet is formed iu the middle of the stream, between the sloughs, and 
when the curruiit has attacked only one side of the high riparian lands subject to taxes, the 
ground lost will be relieved from the charges which afTect it, according to the amount lost, and 
the island or islet will be bold and awarded to the highest bidder among the inhabitants only of 
the commune situated opposite the island or islet, and will be an integral part of the territorial 
area of the commune of the buyer. 

Third. If the island has be*n formed without loss to the riparian lands subject to tax, it will be 
sold and awarded to the highest bidder among the inhabitants of the commune eituatetl opposite 
the island, and will be added to the territorial area of the commune of the bidder. The portion 
of this island which may afterwards be removed by the water will be, according to the amount of 
surface lost, subject to a relief from tux. In the case, on the contrary, when an increase may have 
token place, it will be by the formality of auction conceded to the buyer of the island, sub- 
jected to the same conditions as the original award. 

As has very justly been remarked by Tacoub Artin Pasha in the work cited above, this law, 
which is very vague, is the ouly one which regulates the rights of property along the banks of the 
Nile. This question, however, iu consequence of the long course of the river, is very important. 
It has giveu rise, in fact, to continual litigation on this subject, either lietween communes or be- 
tween the taxable riparian owners, aud while awaiting for a more complete and better detlned 
law to regulate thia matter the adminislration is obliged to supplement the iosnthciency of legis- 
lation by measures taken without fixed rules, and to defer to usage and custom iu each locality. 

Relief from tax. — It is probable that from the greatest antiquity, whenever land has not been 
iunndated by the Ifile, and remained Irom this fact unproductive, the Government has allowed it 
a relief from tax for the baiTen years. 

The Arabs had even established a mean scale of tribute to be paid according to the height 
which the flood reached on the nilometers. This eiiplains the attention which the conquerors of 
Egypt have always paid to the construction and repair of these nilometers. 

At present the tax is fixed, but when it is plainly shown that laud could not be cultivated for 

want of water, the Government sends to these places, on the demand of the proprietors, a com- 

niisaion composed of functionaries from the ministry of public works, finances, and the inte- 

EVior, This commission estimates the damages caused by the lack of water, and the Government 

I aUows generally a relief from taxes according to the result of this inquiry. In Upper Egy^tt 

, xelief from taxes is still allowed each year, because with a system of basins it is easy to ascertain 

whether certaiu lands have been reached or not by the level of the flood; but iu a region of 

irrigation, where the canals receive more or less water the entire year, conclusions are much more 

difficult to arrive at, and a relief fVom taxes is more rarely grauted. 

Various reijulationx. — The principal regulations in regard to the vorree and to the establish- 
ment of elevatiug-machinps along the Nile and canals have already been mentioned iu the chap- 



106 



IRRIGATION IN EGYPT. 



ters which treat of the maiuteDance of the canals and elevatiou of irrigation wat«r; it will be 
uuiieces&ary to return to this matter. 

The guarding of the dikes of the Kile. — The decree of the Gth of Angast, 1885, has regulated 
as follows the guarding of the banks of the Nile during the flood: 

All the inhabitants who are subject to the corree by the decree of the 15lh of January, 1381, 
are also charged with guarding the dikes of the Nile daring the flood. 

On the 1st of January the ministry of public works designates for the provinces the pointa 
. which ought tu be guarded and watched J also the number of men wliicli should be furnished for 
this purpose. 

The assembly meets annually, on the 15th of January, in each province, presided over Uy the 
admiuistrator of the pi-uvince, and having for its members the chiefs of the villages and distrieta 
and the chief engineer of the province. 

The president communicates to the assembly the instructions given by the ministry of public 
works relating to the number of men to be furnished for the service of guards, and the assembly 
disttlhutes this number among the districts and villages. 

Each chief of a village must send to the administrator of the province before the 25th of Jan- 
narj' a list of the names of the men whom his village should furnish, and who are divided into two 
contingents. 

The men of the first coniiugent repair to their posts on the Ist of August, and the second con- 
tingent on the 1st of September; the jwsts guarded are only abandoned by order of the niiuistry 
of public works. 

The assembly of each province chooses four notables, who, presided over by the engineer of 
the province, form a commission to judge the delays and deliminencies charged against the village 
and against the men called out. 

The penalties applied are as follows : 

Every chief of a village or district, or any notable who shall have neglected to furnish the 
number of men due from his section, and who shall not have repaired to the post which he had to 
guanl, or who shall have abandoned his i>ost without authority, is within twenty-four hours tried 
by the commission and condemned to imprisonment of frotu twenty days to three months and to & 
flue varying from 5'2 to 520 francs. The culprit can also be entirely pardoned, if the commission 
judges it proper, without prejudice to the interests of the damaged party, the latter being able 
to reclaim damages from him in cases where damages have been caused by the fact of tJiis neg- 
ligence and in consequence of the desertion of his post; he is immediately replaced. 

This decree coutaiiis the first attempt to establish a siiecial jurisdiction, altbongh in an 
indirect manner, foriiTJgation. It is still too recent to be able to judge the results of its application. 

Decree of the 25th of January, 1886, relative to the penalties for disobeying the regulation» in regard 
to thecorrfe. — Up to the present time the only penalty applied in fact for disobeying the regula- 
tions iu regard to the corbie waa merely corporal puuishment, and especially the lash. The 
decree of the 25th of January, 18SC, had for its object the establishment, by its requirements of the 
special jurisdiction, which is the same as that which had been fixed by the decree of the 0th of 
August, 1885, for the guarding of the Kile dikes. The commission constituted by this latter decree 
wasalso called upon to try the delays and delinquencies charged against the chiefs of villages and 
districts and against the men in all the labors of the corvie, and the i>enaUies pro\nded are b» fol- 
lows : 

Every chief or notable who has neglected t« furnish the number of men due from bis section, 
or who has not repaired to the {tost where he should work his men, or who has quitted his post 
without anthority, is coudemned by the above-named commission, within the next twenty-tbor 
boars, to an imprisonment of from tea to thirty days, or to a fine of from L'6 to 130 francs ; he may 
also be totally relieved of his duties. Every man who fails to respond to the call or who deserts 
his post is immediately tried by the commission and conilemucd to a fine of 13 to 26 franco, and to 
the performance of the labor which is allotted to him. Whenever be is not in a position to pay the 
amount of the fine ho will be behl at labor to a value e(]ual to the amount of the fine, at the rate 
of the daily pay given to the workmen at the place where his labor is p<jrformed. 

They have hardly had time yet to apply the requirements of this decree, which will remain 
perhaps a long time before being admitted into the nit^thod of the couatry. 



CHAPTER X. 



CONCLUSIONS AND PROJECTS. 



From all that precedes, it reanlts that Egypt is not au exceptionally fertile coantry; it owes 
in a great measure its ancient reputation for fertility to the same caaBes which have alwitys givtju 
celebrity to the oases of very small extent, or to the cities of little importance, built in the midst 
of the desert. As a few of these oases and the cities strike the imagination of the traveler who 
sees them after having crossed sandy and arid regions, so the valley of the Nile, bordered on its 
two sides by uncultivated sotitudi^s which extend over indefinite space, and cutting through the 
desert with a narrow band of cultivable land, appears to the eyes of the people who inhabit it as 
the most complete type of fertility of soil; nevertheless the product of the crops of Egypt indicate 
in no mnnner a soil of special richness. 

What has especially contributed to attract to this country the attention of nations, is the 
method by which the inundation waters permit the fellah to obtain each year, almost without 
lalior and without trouble, the various crops under a sky without rain. 

But althongh the basins of submersion form truly the traditional system of Egyptian agri- 
culture, the practice of irrigation on a vast scale is in this country of very recent origin; for this 
reason the methods are not yet well planned, and there did not exist, up to the present, rnles 
properly established and sauclioucd by long usage, for the employment of the water for irrigation, 
for the rotation of crops on irrigated lands, for the drainage of the soil, and generally for every- 
thing which pertains to irrigation. Progress should evidently leatl, at the end of a certain time, 
in the whole of Egypt, to the substitution of irrigation for the system of ba-sius, which, while 
reqnlriug much less manual labor for agriculture, gives on the other hand products less valuable 
and less abundant. But, on the other hand, it has been seen how many difficulties and expundi- 
tares the maintenance of an inlet work of a canal of irrigation gives rise to, and how the annual 
filling up of the principal arteries renders precarions the watering of entire regions. Therefore, 
in everj' project of irrigation the Egyptian engineers ought to occupy themselves, before every- 
thing, in establishing and organizing the regimen of the canals under sucb conditions, that the 
deposits of mud will be kept down as much as possible, so that the maintenance of them may 
thus be rendered easy and economical. 

The principal precautions to be taken to obtain these results are those which are observed in 
all countries where there are rivers with sedimentary waters and movable beds, but they acfjuire 
a vital importance in the valley of the Nile, where the two characteristics of mobility of bed and 
tnrgidity of water are particularly developed. They can be summed up as follows: 

The number of outlets on the river banks must be diuiiuishe<l as much as possible; because 
it is in the works at the bead of the canal that the heaviest materials are deposited, in conscqneuee 
of the constant diminution of the velocity which is here generalfy produced, and it is here that 
the dredging is most difficult to execute ; l>esides, the works of inlets are costly to ttonstruct and 
difficult to protect against the action of the floods, on account of the little cohesion of the subsoil. 
It is by the application of this method that the dredging in the province of Menoufieh has been 
notably redaced; it has sufiiced for this to close the inlets from the Kile of the principal canals 
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and join these wilh the Rayah Menoufieh, which thus becomes the only caual draiiiing directly 
from the Nile the water iDtended for feediu^ the whole proviuce. 

The inlet work mnst be established as near as possible to the ordinary location of the current 
of the Nile; thus every year considerable dredgiog is necessary to keep ojieu the ialetof the Ibra- 
himieb caual at Ohoubrah, because this work is almost 500 meters distant from the mean current 
of the river; while on the contrary the lock at the head of the Mahmoudieh never has been filled 
up, because it is scoured by the current of the river. 

The oitenings of the canals must be placed in a position where the lesser bed of the river dif- 
fers as little as possible in extent ftom the greater bed, or where at least the [msition of the lesser 
bed may be maintaiued in a stable position by means of spnr.s and dikes ; thus the pool above the 
Ibrahimieh caual is often filled by considerable deposits coining from the banks of sand which tbi' 
water carries in front of the head of the canal, because in this place the width of the river is too 
great for the low-water discharges, and because the ]>osition alao of the current in its bed is not 
sufficiently fixed naturally or artificially. 

The dredging iu the canals must be regulated in such a manner, especially during flood at the 
moment that the water is most charged with material in suspension, that the velocity will not be 
diminished notably, transforming many pools into settling basins. The regimen of the canals 
should be organized as much as possible iu such a manner that the velocity will always be suffi- 
ciently strong to maintain in suspension the fertilizing muddy materials, without being too great 
to erode the banks. 

These canals ranst be watched to see that they carry ouly the water strictly necessary for the 
requirements. If, in order to coiiijily with the conditions of velocity indicated above, it is neces- 
sary to give some of them a too great discharge, it must be so arranged that this supplementary 
water should flow without stoppage and with a normal velocity as far as the reservoirs arranged 
for this pur[>08e, or in a sufficient quantity as far as the drainage canals. 

The fulfilling of these conditions cousUtuted without doubt a complicated and difficult prob- 
lem to solve. But it is certain that they have not taken sufficient account of all these require- 
meutd, of which experience has well indicated the utility, lor the fellah is obliged to move each 
year a considerable quantity of earth to assure irrigation of his fields. It is very x>robable that 
the maintenance of the canals will always continue to require each year enormous eartU-work, 
because the reduced velocity of the water necessarily causes the dei)08it of a portion of the mate- 
ria! which it holds in susjiensiou, but they will surely obtain amounts less than those which now 
exist by a serious study of the works of irrigation and by the establishment of a judicious regimen 
for the diatiibution of water. 

Up to late years Egypt had for the execution and maintenance of works a powerful iustm. 
ment in the eorcee, and it was used without stint; but, thanks to the progress of modern ideas, this 
instrument is to-day much ameliorated, and it am do longer render the service which was formerly 
exacted of it. Thus the Government finds itself obliged to rely on its financial resources for the 
funds necessary to assure the execntiou for a great part of these works of maintenance, only 
reserving for the eorr^ the least onerous earthwork. Under these conditions engineers lind them- 
selves naturally obliged, much more than in the past, to examine the means of reducing as much 
as possible the expense of maintenance and to occupy themselves with this important question, 
which they hail largely neglected when labor cost them nothing. 

The drainage of irrigated lands is an essential condition of maintaining their fertility, and in 
most countries where irrigation has been practiced for a long lime the works intended for carrying 
offthe waters of drainage are as important as the works coustrncied for obtaining irrigation water. 
Egypt is much behind in this respect; nevertheless the permeability to a great depth of the soil, 
the small slope of the surface, the disastrous effects of saline deposits, which subsoil infiltration 
produces, require that she should arrange iu a very special manner and with tJie greatest care for 
the hurtful water. They were very often content, even quite recently, to bring the water to the 
lauds and to increase the humidity of the soil without establishing at the same time the indis- 
pensable not-work of drainage ditches along the canals, as well as around the irrigated lands. It 
has resulted that considerable areas are gradually lost, and can oidy be reclaimed for cullivation 
after they have been provided with drains and when repeated washings of the soil shall have 
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gotten rid of the salt which rendered them sterile. It has been seen elsewhere that the problem 
of drainlDg the lands is a delicate one to solve in the low portions of the Delta, on account of the 
varying levels of the lakes which border the sea. 

Notable improvements have been introduced since a few years in the service of irrigation as 
It affects the regulation of the bed of the canals, the better utilization and more careful mainte- 
nance of the works now existing, the construction of new dialribntion works, and the regulation 
of the flow of the water, especially iu the time of the flood ; but there yet remains much to be doue 
in this respect. In addition, the distribution of water in a manner to regulate as much as possible 
its employment is to be organized. This will be a complete revolution in the system of Egyptian 
irrigation, because on the one band the peasant is in the habit of drawing largely from the cauale 
according to his needs and beyoud his needs, and on the other band usage and custom differ in 
one region and another when the decision of the agents of the Government is now the only rule 
which governs the distribution of the water among those interested. There exists many agricult- 
ural councils and provincial councils, who should, according to the law, especially occupy them- 
selveB with these tiuestions, but this law has remained a dead letter. Besides, it is necessary to 
remark, it is not very long since property rights have been regularly instituted in Egypt, and the 
country is not snflQciently trained aud has not suflBcieDtly understood the proper interesta to allow 
with security the groups of proprietors aud sj'ndicates to direct any system of irrigation canals 
without the supervision of the Government. The Government must for a long time centralize in 
its hands every service of irrigation. It may avoid always without doubt many mistakes and 
errors by giving regularly and legally to the representatives of the people the right to express 
their opinion on the qnestious of irrigation which interest them. 

In the present state of Egypt, the principal results which are intended to be obtained from the 
execution of new works are aa follows : 

First. The improvement of the irrigation region by rendering the discharge of the canals during 
low water as independent as possible of the level of low water, by diminishing the expense of 
maintenance, by raising the level of the water in order to bring it to the surface of the soil, by 
regalatiug the drainage of the surplus water of irrigation. 

Second. The substitution of the method of irrigation for the system of basins of inundation in 
the districts where basins still exist. 

Third. By regulating the discharge of the Nile so as to decrease the too high floods aud increase 
the extreme low water. 

The last international conventions, which followeil the conference which was held in London in 
I8Si, have allowed Egypt, involved in debt, to commence the realization of the first part of this 
programme. In the loan of £9,000,000, which had just been consented to by the powers, there 
has been reserved £1,000,000 to be used for the amelioration of the tirigation system. The works 
allotted to this loan are now in course of execution under the direction of Col. Scott Moncrieff, 
under secretiiry of state to the ministry of publ'c works, assisted by Enghah engiueers who have 
a»)uired in India experience in this kind of work. These works, commen''ed in ISSG, are not suf- 
ficiently advanced to yet estimate their results, even partially, but their plau is now sufficiently 
determined to be able to indicate the grand lines. They are exclusively distributed iu Lower Egypt, 
in Fayoum, and iu the part of L'"pper Egypt watered by the Ibrabimieh canal. 

Lower E<iypt. — The works projected iu Lower Egypt comprise especially the strengthening of 
the great dam at the point of the Delta, and the distribution of the water between the two branches 
ot the Nile, and outside the branches by three grand canals taking their water from the pool above 
this dam. The present foundation of the dam, which is at the S.20-raeter level above the sea, 
having been damaged iu many points in consequence of settling, it is proposed to strengthen it 
by masses of masonry to the maximum of 9.r>0 meters in the worst part aud 9 meters in the better 
parts, and to enlarge the dam throughout its whole length. The fermeture of the arches will be 
obtained by means of iron gates, which permit the water to be raised to an altitude of 14 meters 
above the lowest water. It appears quite venturesome to make the whole irrigation of Lower 
Egypt depend upon a work founded at such a little depth upon a subsoil so compressible. 

The provinces between the two branches of the Nile will be solely supplied by the Eayah 
Menon&eh. which, with its width of 50 to So meters, suffices for the dolly discharge, almost without 



ntBTGATION m EGYPT. 



modification, of the 14,000,000 to 16,000,000 cubic meters necessary at low water. It will be neces- 
Bary, bowever, tfl enlarge the inlet work somewhat, to the detriment of the lock which is placed 
there. 

For the provinces of Gaionbieh, Dakalieh, and Gliarkieb, situated to the east of the Damietta 
arm, and whose irrigation in summer requires the daily discharge of about 11,000,000 cubic meters, 
a part of this quantity (about 2,300,000 cubic meters) will be furnished by the canals of Ismailieh, 
Cbarkieb, and Bessonssieh. The remaining 8,500,000 cubic meters will be provided by the new 
canal being constructed, called Rayah Cbarkieh. This canal will have its inlet just above the dam 
of the Damietta arm. It is planned with a width at bortom of 36 meters and an altitude at ite 
mouth of 9.S0 meters. Its slope is 8 centimeters per kilometer; the side slopes are 1 base to 1 ver- 
tical ; the depth below the level of the soil varies from 6 to 8 meters, and the dift'erence in height 
between the bottom and the top of the embankments is fixed at 9 meters, with a beriue 6 meters 
wide half-way up. 

This canal, which is 638 kilometers long, will be prolonged at its extremity by the Sahel canal, 
then by tbe Mausourieh canal, and finally by the Charkaouieh of Damietta, parallel to the Dami- 
etta branch, as far as the sea-shore. 

Finally, on the left bank of the Eosetta branch, the province of Eehcra will be watered solely 
by the Rayah Behera, which now exists, and which will bo arrange<l from its origin with a width 
of 16 meters at the bottom and a slope of 75 millimeters per killimeter. The elevatiug-machines of 
the Katatbeh and the Mahmoudieh will be dune away with, and tbe two canals fed by these machines 
will receive their water from the Rajah Behera alone. 

In consequence of the execution of these works the greater portion of the low water will be 
stopped at the dam of the Delta, to bo employed for irrigation, \avigatiou will then become im- 
possible in tbe two arms of the river below this dam. Always below Mansonrieh, on the Damietta 
branch, and a bttle farther than Kafr-Zaiah, on the Rosetta branch, tbe depth of the water 
is snch that navigation is always impossible here during low water. They have managed to 
avoid this stopping of navigation in the upper portion of the branches of the Nile in the following 
manner: 

The regulation works of the Cbarkieh and its prolongations, as far as Mausourieh, will be fur- 
nished with locks for navigation. They will thus have created a vast navigable canal along the 
Damietta branch as far as Mausourieh, where locks will bo established between tbe Nile and tbe 
canal, and will permit boats to resume their route on the river, always practicable below this point. 
Another navigable way will be cieated between the branches of tbe Nile by means of the Rayah 
Meuoulieh and its prolongatiou, the Bagourieh canal, as far as Goddaba, a point situated a little 
north of Kafr-Zaiah, on the Rosetta braucb. By placing a lock connected with the Nile at this 
point boats coming from the dam will be able to continue their voyage by the river and also returoi 
either from Rosetta by the river or by the Mahmoudieb canal from Alexandria. 

The two parts of tbe Nile rendered impracticable for navigation will be thus replaced by a 
series of navigable canals following each of these two branches. These principal lines of navigation 
will be connected with the secondary lines which already exist. 

Such is the general plan of the works which are in process of construction in Lower Egypt. 
A few important lines of drainage will be also established in tbe lower iiortion. 

Fayoum. — The works projected for Fayoum are generally works of detail. They consist of the 
arrangement of inlets designed to insui-e an excellent distribution of water among the difierent 
parts of tbe province, and in the substitution at some points of irrigation canals for tbe basin sys- 
tem which still exists here. 

Upper Egypt. — The principal works which will be executed in Fpper Egypt are designed to 
feed with water charged with sediment certain basins which now receive only settled water coming 
firom the upper basins, and which are separated from the Nile by the strip of land irrigated by the 
Ibrahiniieb caual. 

These works consist principally of buildiug syphons, constructed under the Ibrabimieh canal, 
which can play a double rflle: 

To supply by means of transverse canals, during low water, the baaiua to the right of those 
wliiob have been established, with sedimentary water; 
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To serve at tbe same time to empty ioto the Nile daring low water the drainage of the irri- 
gation water from the irrigated lands situated between the Ibrahimieh and the longitudinal dikes 
of the basins, lands that have become impreguated with salt, because they have never been 
arranged with any provision for drainage. 

According to present intentions this vast amount of worlt will be finished in two years. If it 
is executed under good conditions it will accomplish a great advance in the actual condition of 
irrigation in Egypt. 

The financial resources of the country are too limited to allow the second part of the pro- 
gramme of amelioration, which has been indicated above, to be touched ; that is to say, the exten- 
sion of the system of irrigation in the region of basins. 

As to the third part of' the programme (that is to say, the regulation of the course of the NUe 
with the object of dimiuisUing the discharge of the floods and increasing the discharge of low 
water), its realization is still distant. Nevertheless, an interesting project has been started for 
this pnr]>ose in late years, and has already been subjected to the first summary investigation. M. 
Jacquet, iuspecteur g6n6ral des pouts et chauss^es, came, in fact, to Egypt a few years ago to ex- 
amine it, and from the data which he collected at that time he reported on the practicability of its 
excoutioii in bis report dated July 15, 1882. 

This project* was presented by M. de la Motte, and was backed by a company which was 
formed in Paris under the name of "The Society for Studying the Nile." It consists of the crea- 
tion of an enormous reservoir id Ihe valley of the Nile above the defile of Gebel Cilcila, or a few 
kilometers to the north of Assouan. The place, in fact, appears perfectly adapted for this. At 
Gebel Oilcila the Nile flows over a bed of rock iu a defile 400 meters wide, which M. Jacquet pro- 
poses to dam by a masonry wall able to sup^iort the pressure of 20 meters of water. A new iK'd, 
300 meters wide, closed by a movable dam, and a lateral reservoir 700 meters wide, both cut ont 
of the rock, on tlie right bank of the river, will serve to carry off the waters of the flood, the great 
masonry dam being always above water. A derivation with locks for navigation and an irriga- 
tion canal having ite inlet above the dam in the left bank wonld complete the work. It would be 
necessary, alwo, by a second iusubmergable dam of about 1,300 meters in length, to close the de- 
pression which exists 2 kilometers to the east of the present one, up the river, in a line of rocks 
which cross the valley. This depression is formed where an old arm of the river ilowed. 

With this series of works there will be obtained in the great plain of Kom Ombo, which the Nile 
crosses above the rock bed of Gebel Oilcila, an enormous reservoir, with a surface of 1,400,000,000 
square meters, where they will store 7,000,000,000 cubic meters of water, and whence they can 
deliver to Egypt a continuous flow of 400 cubic meters per second independently of the normal 
discharge of low water of the river. They will thus have sufliicient water to create 400,000 hec- 
tares of cultivable lauds which do not exist to-day. 

This is a grandiose conception. It will require te execute it an expenditure of 100,000,000 
francs at the maximum, according to the calculations of M. Jacquet. 

When will Egypt becomeeullicieutlyprosperousto be able to turn her thought's to such works! 

■ See Plato XXIL 
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